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NOTICE OF DETERMINATION: Negative Declaration

FOR: Job No. 31-OL-I
Ala Wai Canal Improvement
Honolulu, Oahu, Hawaii

BY: Division of Water and Land Development
Depariment of Land and Natural Resources

The proposed action will have no significant effect on the environment and

therefore does not require the preparation of an Environmental Impact Statement.

This Notice of Determination and Environmental Assessment are being filed as a
Negative Declaration.
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Measurements and Abbreviations Used in This Document

cfs

ft

ft2

ft3
fw
gpm
kw
lorL

m3

mg

mL or ml
MLLW
mgd

msl

ppt

Tog

Hg
kg/!

cubic feet per second (448.83 gallons per minute)

feet

square feet

cubic feet

fresh water

gallons per minute

kilowatt

liter

meter

cubic meter

milligram

milliliter

mean lower low water

millions of gallons per day

mean sea level

parts per thousand (used for measuring salinity)

time it takes for the concentration of a substance to
decrease by 50% of its initial value

time it takes for the concentration of a substance to
decrease by 90% of its initial value

microgram

micrograms per liter

iv

-

L

|

| WA WA G

|

| W




CHAPTER 1
DESCRIPTION OF THE PROPOSED ACTION

Description of the Proposed Project

The Ala Wai Canal is a 2-mile long manmade waterway with widths ranging from
200 to 250 feet and average cross-sectional depths ranging from 3 to 8 feet, with spot
depths ranging from 1 to 12 feet. The Ala Wai Canal was constructed between 1921
and 1928 and is the major drainage system for the Waikiki District of Honolulu. It
also conveys surface runoff from the watersheds directly mauka of the canal,
including the areas of Makiki, Manoa, St. Louis Heights, Palolo, Moiliili, Kapahulu,
and parts of Kaimuki and Diamond Head. The Ala Wai Canal is used for a number
of recreational purposes including canoeing, kayaking, fishing and some motor
boating. The Ala Wai Canal System is shown in Figure 1-1.

The Department of Land and Natural Resources of the State of Hawaii proposes to
improve the water quality in the Ala Wai Cana] to standards acceptable for
water-based recreational activities. The specific objectives of the Proposed project are
to:

O Increase water flow and circulation in the canal while addressing

environmental concerns.
<  Decrease sources of pollutants through improved watershed management.

<& Establish routine maintenance and management practices for the canal.

Three reports have been prepared as part of this project. The principal document is
the Ala Wai Canal Improvement Feasibility Report prepared by Edward K. Noda
and Associates, Inc. (October, 1992). It responds primarily to the first objective listed
above. The results associated with the second objective are provided in a separate
report entitled A Management Plan for the Ala Wai Canal Watershed developed
by the East-West Center, Program on Environment (Fox et al., October, 1992). The

Only the proposed improvements that will increase water flow and circulation are
being proposed and assessed at this time. Implementation of the watershed
mnanagement plan is not within the jurisdiction of the Department of Land and
Natural Resources. It will require a joint effort involving the Department of Health,
the City and County of Honoluly, Neighborhood Boards and other groups.

1-1
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Implementation of the maintenance plan will also require a joint effort of the
Department of Land and Natural Resources, which has jurisdiction over the Ala
Wai Canal, and the City and County of Honolulu, which has jurisdiction over the
Manoa-Palolo Drainage Canal.

Project History

This project is the outgrowth of the Physical Environment Committee of Wa ikiki
Tomorrow, an effort undertaken in the late eighties by the Waikiki Improvement
Association and the Office of State Planning. Waikiki Tomorrow evolved from
concerns that Waikiki, the major tourist destination area in Hawaii, was not
keeping pace with other visitor destination areas in other states and countries.
Because the Ala Wai Canal plays such a major role in defining Waikiki and
improving its physical attributes would have significant benefits, an ad hoc
committee of concerned citizens followed up on recommendations of Waikiki
Tomorrow by going to the State Legislature for funding in 1990. The funding was
provided to DLNR to pursue the present study. At DLNR's request, the ad hoc group
of supporters became the Ala Wai Cleanup Technical Committee. They have

- assisted the Department in developing the scope of work and reviewing interim

work products as the project has developed. Members of the Technical Committee
are listed in Chapter 5.

Technical Characteristics

The primary focus of the feasibility study is on the physical, biological and water
quality conditions in the Ala Wai Canal. The initial task efforts of this study
involved extensive field measurement programs including a bathymetry survey,
current measurements within the canal and in the nearshore coastal areas, a dye
flushing test, tidal measurements, and biological and water quality surveys. As a
result of these studies and extensive computer model runs, it was determined that
the addition of 20 to 30 cubic feet per second (cfs) seawater inflow into the Kapahulu
end of the Ala Wai Canal would achieve the objective of water clarity.

Two options were determined to be technically feasible and to warrant further
feasibility analysis and conceptual design evaluations. These are:

1. Injection of 20 to 30 cfs seawater inflow into the Kapahulu end of the Ala Wai
Canal through a pipeline. For this option, two design concepts were
considered:

O A 12500 foot long, 42 inch diameter submerged pipeline, laid and partially
buried in the Ala Wai Canal, with an intake structure located in the
entrance channel to the Ala Wai Boat Harbor at a water depth of about 40
feet; a 4,000 foot long, 40 inch diameter suction pipeline; 2 submerged

1-2




pump station located adjacent to Magic Island, and a discharge manifold
located across the canal at the Kapahulu end.

& A 7,000 foot long, 40 to 42 inch diameter “non-trenched” underground
pipeline constructed using directionally controlled drilling technology,
extending from a pump statior. located at the Kapahulu end of the canal,
to an intake location offshore of Waikiki Beach in a water depth of about
40 feet. A discharge manifold would distribute seawater across the canal.

2. Injection of 20 to 30 cfs of groundwater from 5 deep wells drilled to depths of
250 feet or greater, located at the Ala Wai Golf Course, with the water
discharged through a discharge manifold located across the canal. The deep
groundwater wells must produce salinity and nutrient concentrations similar
to coastal seawater.

For the three alternative concepts described above, conceptual designs and
construction and annual operating and maintenance (O&M) cost estimates were
developed. The submerged pipeline laid in the canal and the deep groundwater well
supply options proved to be technically feasible. The directionally drilled pipeline
construction option was considered to be beyond the present state-of-the-art, with
significant risks associated with this methodology. Moreover, the construction cost
estimate for the directionally drilled pipeline option was over $28 million, which is
considerably larger than the other feasible options.

Based on the limited available historic geologic strata data, the technical feasibility of
drawing the required 20 to 30 cfs of deep groundwater appears promising. Since the
construction cost of this option is significantly less than the submerged pipeline
concept, it is proposed that the deep groundwater well supply system be selected for
further feasibility evaluations. To proceed with this concept evaluation, a prototype
production well drilling and testing program is proposed in order to: (1) confirm the
expected subsurface geologic strata and water quality in the Ala Wai Golf Course
area; (2) estimate the potential groundwater flow yield from coral layers at this
depth; (3) demonstrate that such high capacity pumping can be accomplished
without adverse effects; (4) and develop other design parameters. The estimated cost
for this well test program is approximately $300,000.

If the prototype production well test program confirms the technical and
environmental feasibility of the deep groundwater well supply concept, an up-date
and revision of the present conceptual design and construction cost estimate for the
saltwater well supply system will be performed. The new construction cost estimate
will then be evaluated for implementation.

If the prototype production well test program indicates that the deep groundwater

well supply concept is not feasible, the alternative of the submerged pipeline system
laid in the Ala Wai Canal will be considered for implementation.

1-3
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Deep Groundwater Well System

The evaluation of the deep groundwater well system was performed by Tom Nance
Water Resources Engineering (TNWRE). This concept first required an evaluation
of the available historic data on the sub-surface geologic structure in order to
determine the feasibility of the Ala Wai Golf Course site to produce the required
flow rate of deep, ocean-salinity water. If this feasibility assessment yielded positive
results, the subsequent task effort was to develop a conceptual design of the
groundwater well system and from this design provide a construction cost estimate.

The evaluation indicates that the first 20 to 30 feet of caprock sequence is generally
comprised- of lagoonal deposits, coralline debris, terrestrial alluvium, and/or
imported fill. This layer is generally poorly permeable and can be very compressible
if subject to dewatering. A pervasive, 10 to 30 foot thick coral ledge lies immediately
below this first caprock layer, and is underlain by layers of coral and sand, in some
places interrupted by a lens of coralline mud or alluvium of limited thickness and
areal extent.

At depths of 80 to 120 feet below the surface, a layer of later stage volcanics occurs
which is typically 50 to 80 feet thick. This layer apparently underlies the entire east
end of the canal and pinches out toward the west. Although there are only a few
drill logs available for borings which have penetrated through this volcanic layer
into the formations below, these logs suggest that a layered sequence of corals, sands,
calcareous muds, and “clays” (of unidentified origin) exists below the later-stage
volcanics. The volcanic basement is likely to be 600 to 700 feet below the surface on
the mauka side of the canal, which means that the sequence of corals, sands, and
clays between the two volcanic layers is about 400 to 500 feet thick.

From a technical view point, while it may be possible to withdraw groundwater at
the flow rates required from the uppermost coral ledge, it is likely that dewatering of
the overlying lagoonal deposits would occur, causing subsidence problems as has
occurred during various construction projects in the Waikiki area. Moreover, the
groundwater from this uppermost coral ledge would not have the high salinity and
low nutrient levels required by the water quality modeling results.

An option that looks optimistic is to withdraw water from the lower coral layers
below the later stage volcanic layer, at withdrawal depths between 130 to 200 feet
below the surface. The later stage volcanics, particularly the Diamond Head tuff
formation at the east end of the canal, may function as an aquitard, which is a layer
that is relatively impermeable and resists the through-flow of groundwater. In this
situation, the aquitard layer would provide an effective hydraulic separation from
the uppermost coral layer and its overlying lagoonal deposits, thereby greatly
minimizing the potential for dewatering of the uppermost lagoonal deposits with
its attendant subsidence problems. A calcareous mud layer below the later-stage
volcanics may also function as an aquitard. Figures 1-2 and 1-3 show the subsurface
geologic structure based on available data from wells drilled in the area.

1-4
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The deep groundwater well is likely to produce water with a salinity of 32 to 35 parts
per thousand (ppt), little or no dissolved oxygen, and major ions differing from
seawater only by the ion exchange which occurs in passage through the coral
formation. There is some risk of organic contamination from lagoonal deposits,
possibly resulting in high ammonia and sulfides concentrations, but this can
probably be avoided through proper well design. It is likely that aeration of the deep
saline water would be necessary but no other treatment would be required.

Very little use is presently made of water from this aquifer and none of it occurs at
the 200 foot depth of plumage of the proposed deep groundwater well. For these
reasons, the deep groundwater well supply proposed above is expected to have no
adverse effects on either existing potable water supplies or the existing groundwater
supply used for irrigation of the Ala Wai Golf Course.

The TNWRE report analyzed two pumping schemes: high volume, low head
propeller pumps together with an aeration system; and an air lift pumping system.
The propeller pumping system is proposed because it offers greater flexibility and is
considered a more realistic concept than the air lift system. Figure 1-4 shows a
schematic description of the propeller pumps, mechanical aeration to increase the
dissolved oxygen from 0 _to 5.0 mg/liter, and the across-canal diffuser system. Figure
1-5 provides a conceptual design layout of the proposed seawater supply wells at the
Ala Wai Golf Course.

The conceptual design for construction cost estimating purposes consists of five 200
foot deep wells with the upper 130 feet comprised of an 18 inch diameter solid casing
pipe grouted in-place and the remaining 70 feet of open hole. Each well has been
designed to deliver 2,500 gpm and the wells have been spaced 200 feet apart. A
central aeration system has been included to increase the dissolved oxygen
concentration of the saline water from an expected 0 to 5.0 mg/liter. The aerated
saltwater would then be discharged into a diffuser system across the canal width.

While the prospects for obtaining the required seawater supply from deep
groundwater wells located at the Ala Wai Golf Course appear optimistic, a prototype
production well drilling and testing program will be necessary to confirm the
expected subsurface geologic strata and water quality, estimate the potential yield
from coral layers at depth, demonstrate that such high capacity pumping can be
accomplished without adverse effect, and to develop other design parameters.
Figure 1-6 shows a schematic design of the prototype production well. A pilot
borehole would be drilled, using rotary drilling equipment, to a depth of
approximately 250 feet (or deeper if required by the strata encountered). Based on the
geologic strata results, the casing depth would be selected, and the open hole
completed as described in Figure 1-6. Full scale pumping tests would then be
conducted. Placement of sounding tubes to various depths in the annular space
would enable the effects of pumping on overlying layers to be measured, thereby
demonstrating that pumping could occur without de-watering the overlying
surficial lagoonal deposits.
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In addition to the drilling and testing of the prototype production well, four smaller
diameter boreholes will also be drilled to depths of about 250 feet in order to confirm
the subsurface geologic strata of the entire proposed groundwater source area at the
Ala Wai Golf Course.

Finally, to confirm and ensure that the proposed groundwater sources have the
necessary and required water quality to serve as flushing waters for the canal, both
water quality and toxicity tests will be performed.

Submerged Pipeline System

The conceptual design and cost estimates for the submerged pipeline system with
the intake in the entrance channel of the Ala Wai Boat Harbor were carried out by
Makai Ocean Engineering, Inc. (MOE). Figure 1-7 schematically describes the two
Ocean water source alternatives that were evaluated by MOE. Alternative No. 1
represents the submerged pipeline with an intake in the Ala Wai Boat Harbor
entrance channel, and Alternative No. 2 represents the directionally drilled pipeline
with an intake off Waikiki Beach. (Alternative No. 2 is not recommended at this
time.)

The proposed system, (Alternative No. 1), consists of a pipeline which intakes
seawater from the Ala Wai Boat Harbor entrance channel, at a depth of about 40 feet,
and discharges the flow at the Kapahulu end of the Ala Wai Canal. In addition to
the suction and discharge pipelines and the required intake and discharge
manifolds, a submerged pump station with a minimum pumping capacity of 20 cfs
(9,000 gpm) and a maximum pumping capacity of 30 cfs (13,000 gpm) is located near
the entrance of the Ala Wai Canal adjacent to Magic Island.

A preliminary optimization analysis was performed to determine the optimum size
of the suction and discharge pipelines and components. The optimurmn sizes have
been defined as those which would produce the smallest total costs (capital plus
operational) over the life of the pipeline (assumed 30 years in this preliminary
analysis). It was found that large diameter pipes and small pumps provide the best
combination to minimize total costs over the lifetime of the system. As the size of
the pipe diameter decreases, capital costs decrease due to the fact that the cost of the
Pipe, weights needed to hold the pipe down, and dredging requirements decrease.
However, a smaller pipe diameter means that, for a given operational flow, the
friction losses during operation will be larger. Larger friction losses increase capital
costs since larger pumps and motors are required, but primarily increase operational
costs since more electricity is needed to drive the pumps to achieve the desired flow
rates. At this conceptual design level, a 40 inch, 4,000 foot long suction pipe and a 42
inch, 12,500 foot long discharge pipe have been selected, together with a submersible,
three pump system (2 main and 1 back-up).

1-6
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rugged and cost effective material with a long life in marine applications. In
addition, polyethylene is an inert material which does not corrode and does not
promote growth of marine organisms. Although the presence of some fouling
organisms will be inevitable, the pipe will be designed to insure that fouling will
not significantly affect the required flow rates.

end of the canal are a golf course, a public park and a school, Large public spaces
are available is this area to store, assemble and deploy the pipeline. The makaj
side has a high density of apartments, commercial, and resort areas, which

would make the construction, deployment, and maintenance Operations more
difficult.

Noise during construction would be minimal for the residents of Waikiki.
O Access is easier for large construction equipment.

Minimize visual impact during construction and traffic congestion that would
be

created if the pipeline is assembled and deployed on the makai side, The
same is applicable for maintenance operations.

& While the Pipeline may be partly visible underwater in some areas when

viewed directly overhead, the visual impact from the Waikiki area would be
non-existent.

It has been assumed that the pipeline will be laid after maintenance dredging of the
Ala Wai Canal is completed. With the exception of the crossing of the existing
streams along the mauka side of the Ala Wai Canal and the crossing of the Ala Wai
Boat Harbor, where the pipe is completely buried underground, the pipeline is laid
partially above the canal bottom. This approach minimizes the capital cost
associated with the required dredging, facilitates maintenance and re-deployment of

the pipe in another location (if ever needed), and does not considerably affect

been established between the top of the pipeline and the water surface in the canal,

The suction pipe will lay on the bottom along the wall of Magic Island, parallel to
the existing navigation channel of the Ala Waj Boat Harbor and will extend from

1-7
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the end of the navigation channel offshore to a depth of approximately 40 feet. The
last portion of this pipe will be properly protected and weighted/anchored against
the action of waves and currents.

The implementation of this alternative is technically feasible and simple.
Construction and deployment of the pipe and installation of the pump station
involve minimum risks. During operations, the pumps are the only component in
the system that can break down, and the addition of a back-up pump minimizes
chances of interrupting operations.

The following listing summarizes the conceptual design for this alternative.

<O Operational flow of 20 cfs (9,000 gpm) with a maximum flow rate of 30 cfs
(13,500 gpm). Three submersible pumps (Figures 1-8 and 1-9) located at a
submerged pump station adjacent to Magic Island are proposed, with one pump
capable of producing 20 cfs, two pumps producing about 30 cfs and the third
pump used as a back-up. '

< 40 inch diameter, 4,000 foot long suction pipeline extending from the intake
structure to the submerged pump station, and a 12,500 foot long. 42 inch
diameter discharge pipeline extending from the submerged pump station to the
Kapahulu end of the canal. High density polyethylene (HDPE) material has
been selected for both suction and discharge pipelines. To minimize
interference with future dredging programs, the discharge pipeline would be
constructed within 15 to 35 feet from the mauka wall of the canal and the
pipeline would not be deeply buried to minimize the risk of undermining the
existing wall structure as shown in Figure 1-10.

<& The discharge pipeline will be buried across the Manoa-Palolo Stream outlet
with the top of the pipe at —13 feet MSL, and from the Ala Moana Bridge to the
pump station, where the top of the pipe will be 3 feet below the existing bottom.
Figures 1-11 and 1-12 schematically illustrate the stream crossing conceptual
design.

¢ An intake manifold (Figure 1-13) will be located in a bottom depth of about 40
feet with the top of the manifold about 25 feet below the water surface. Two
inlet heads are proposed, consisting of 360 3-inch diameter holes each, which
would diffuse the intake flow and provide horizontal inflow circulation in
order to minimize ingestion of marine life and to minimize danger to divers.
For the maximum 30 cfs flow rate, the inlet velocities are less than 1 ft/sec (0.6
knots).

O A discharge manifold, comprised of a 28 inch diameter HDPE pipeline, will

distribute and diffuse the outflow waters laterally across the Kapahulu end of
the canal. A total of 32 equally spaced holes, 5.5 inches in diameter oriented at

1-8
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Figure 1-10
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60° from the horizontal will distribute water uniformly across the canal width,
with a discharge velocity of about 4 ft/sec for the operational flow of 20 cfs.
Figure 1-14 shows a plan view of the proposed manifold and Figure 1-15 shows
a side view and detailed cross-section.

The conceptual design for the ocean seawater source intake and submerged pipeline
is technically feasible, involves minimal risks, and fabrication of the pipeline system
and its deployment are considered to be relatively uncomplicated tasks. If the well
testing program indicates that the deep groundwater well supply concept is not
feasible, then it is recommended that the submerged pipeline system in the Ala Wai
Canal be considered for implementation.

Social Characteristics

The Ala Wai Canal forms the boundary of the Waikiki District, separating Waikiki
from the Makiki, Moiliili and Ala Moana areas of Honolulu. Since its construction
in 1928, the canal has been used for recreational purposes which include boating
(motoring) rowing, and canoe paddling) and fishing. It has recently been placed on
the Hawaii National Register of Historic Places.

The length of the makai (ocean) side of the canal is spanned by a concrete tree-lined
sidewalk which is a popular site for jogging. Between Kalakaua and Ala Moana
bridges there is a tree-lined footpath on each side of the canal. Sixteen stairwells on
the makai side of the canal drop down from the sidewalk to the canal’s surface.

Despite the problems of pollution, the Ala Waij Canal is heavily used for recreation
by Waikiki residents and visitors, with an estimated daily year-round use of some
4,000 people in 1986. The 1992 Waikiki Master Plan envisions a “Grand Promenade”
offering uninterrupted pedestrian access around the entire perimeter of Waikiki.
There are plans for enhancement of the makai side of the canal that would provide
additional public access, landscaping and sidewalk cafes. Improving water quality in
the canal is prerequisite to installing these improvements.

Economic Characteristics

The construction cost estimate for the submerged pipeline laid in the Ala Wai Canal
is about $8.5 million with an annual O&M cost of about $72,000. The construction
cost estimate for the deep groundwater well supply system is about $3.3 million with
an annual O&M cost of about $190,000. Benefits from the improvements would
accrue mainly to residents and visitors in Waikiki, property owners adjacent or in
close proximity to the canal, users of the canal and users of public facilities on the
mauka side of the canal. Because of the importance of Waikiki to the economy of
Oahu and the State of Hawaii, residents of the City and the State would also benefit.

1-9
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Environmental Characteristics

The Ala Wai Canal provides an important drainage conduit for Surface water
runoff. It collects nutrients from surface runoff waters and from other non-point
sources such as groundwater. The canal was also designed to serve as a sediment
deposition basin in order to minimize the discharge of sediments into the nearshore
coastal waters through the Ala Wai Boat Harbor entrance channel.

Water quality in the canal is determined by its source waters (nearshore ocean water,
groundwater, streams), mixing and tidal exchange, and input from the accurnulated
sediment via resuspension and regeneration. “New” nutrients (not recycled in situ)
are derived from groundwater and the streams. The murky green discoloration of
the canal waters results from excessive phytoplankton growth, due to significant
incident sunlight, and long residence times within the canal systent. During and
immediately after periods of heavy rain, the canal waters display a distinct brown
discoloration due to the suspended sediments which are entrained in the surface
runoff, and possible re-suspended bottom sediments.

Biological and water quality surveys were made as part of the field studies for the
project. One of the most important water quality criteria, and the one which was
used to evaluate the performance of alternative water quality improvement designs
for the canal, was water clarity. For the worst case situation, when very little rainfall-
runoff flows into the canal, the combination of high nutrients, strong and consistent
sunlight, and long water residence times promotes active phytoplankion growth
which results in high chlorophyll concentrations and organic turbidity, producing
poor water clarity. The key parameter for increasing water clarity is the reduction of
chlorophyll concentrations in the water column. Based on water clarity analysis, a
target chlorophyll concentration of 5 micrograms per liter (ug/1) was selected, with a
maximum concentration of 10 pg/! imposed as a not-to-exceed criteria for selection
of the proposed design flushing alternatives. At this level, visibility is about 10 to 12
feet, and the water clarity goal should be achieved.

The data acquired from the water quality surveys were extensively used in the

calibration and verification of a two dimensional hydrodynamic and water quality
computer model. The model was used to evaluate design options to0 achieve the
objective of improved water quality. The design options included injecting either
flushing seawater or groundwater into the Kapahulu end of the canal; connecting
the Kapahulu end of the canal to Waikiki Beach using a covered channel; and
various dredging options to improve circulation in the existing canal. The criteria
for evaluating the technical feasibility of any of the tested design options, was
whether the chlorophyll concentrations were about 5 pg/l with a maximum value
of 10 pg/1. For any potentially feasible option, simulations were run which included
variation in wind speed and direction (tradewind and Kona wind), and tidal range

variations.




Based on the results from the extensive computer model runs, it was determined
that the addition of 20 to 30 cfs seawater inflow into the Kapahulu end of the Ala
Wai Canal would reduce the chlorophyll concentrations sufficiently to achieve the
water clarity objective. This will have an insignificant effect on the mean water
velocities in the canal. In the area between the McCully Bridge and the Kapahulu
end of the canal where most of the canoe racing is performed, typical mean water
speeds due to the maximum 30 cfs seawater inflow will increase by only 0.016 - 0.046
ft/sec (0.011 - 0.032 miles/hour). These water current speed changes would
essentially be imperceptible to the recreational users of the canal. The maximum
mean current flow speed increase of 0.032 miles per hour would be equivalent to the
effects of a 1 mile per hour wind velocity blowing on the water surface.

The environmental impacts associated with both the deep groundwater well supply
system and the submerged pipeline Jaid in the canal have been evaluated. The
assessments indicate that while there will be some temporary impacts (noise, visual,
odor, turbidity) during construction, the overall adverse environmental impacts
after the completion of construction are very minimal, and in fact, there will be a
measurable water clarity and quality improvement to the Ala Wai Canal waters.
Improvements to water quality in the canal will also improve water quality in the

adjacent nearshore waters, specifically the Waikiki Yacht Club.

Construction of the facility will result in depletion of labor, energy and natural
resources that provide manpower and materials for construction. There will also be
a temporary increase in noise and air pollution during construction. Approximately
864 KW of electricity per day will be required to operate the pumps at 20 cfs, and 1296
KW at 30 cfs. This is equivalent to that used by 36 single-family households at 20 cfs,
and 54 households at 30 cfs.

Management Plan for the Ala Wai Canal Watershed

The Management Plan for the Ala Wai Canal seeks to decrease sources of pollutants
through improved watershed management. The plan identifies activities which
will be useful immediately. These indude cleaning up litter debris and bulky items
from streambanks and streets, reducing erosion rates through improved
enforcement of grading permit regulations, and expanded hazardous waste and toxic
substance collection and disposal. In the longer term, the plan notes that watershed
management can improve water quality through the control of pesticides and heavy
metals.

The plan recommends that the State enter into a contractual relationship with a
qualified non-profit organization to lead the implementation of a community-based
public/private program of watershed management activities. Four major tasks are
identified:




O Developing and leading community participation in cleaning up and
maintaining the Ala Wai Canal watershed.

¢ Planning and coordinating an immediate action program of watershed
management measures.

O Developing proposals for funding from the U. S. Environmental Protection
Agency, foundations, and private sources.

¢ Promoting monitoring and research.

State appropriations of $100,000 for each of the fiscal years 1993-94 and 1994-95 are
recommended for the direct expenses of the non-profit organization, with outside
funding assumed for activities beyond FY 1994-95. The plan also recommends that
the State provide seed money to the University of Hawaii to begin monitoring and
research activities where they are known to be inadequate and where progress in
planning and development of further management actions is known to be impeded
by a lack of baseline or trend data. An initial appropriation of $50,000 in each of the
fiscal years 1994-95 to 1996-97 is recommended to fund these activities.

Maintenance Plan for the Ala Wai Canal

The Maintenance Plan for the Ala Wai Canal has three purposes. These are to 1)
describe the existing conditions/problems in the canal; 2) describe the existing State/
City & County agency measures and responsibilities for the canal; and 3) develop a
maintenance plan that builds on 1) and 2). The plan notes that many of the
maintenance tasks on the Ala Wai Canal are presently initiated only at the urging of
residents to what is perceived as a serious problem, such as their petitioning state
legislators to allocate funds for the last maintenance dredging.

Maintenance is also complicated by the number of different agencies with various
responsibilities that are involved. For example, the Manoa-Palolo Drainage Canal is
the major source of sediment, trash, and debris in the Ala Wai Canal. While the
Ala Wai Canal is owned by the State of Hawaii and maintained by the Division of
Water and Land Development (DOWALD) of the State Department of Land and
Natural Resources, the Manoa-Palolo Drainage Canal is the responsibility of the City
and County of Honolulu Department of Public Works (DPW). However, DLNR
acknowledges maintenance dredging responsibility for Manoa-Palolo between the
Ala Wai and the Date Street bridge. Until July 1, 1992, the Harbors Division of the
Department of Transportation (DOT) was also a major player. This changed
officially on that date with the transfer of boating programs and projects to a new
DLNR Division of Boating and Outdoor Recreation (DBOR). The program
continues to be operated by DOT under a contractual agreement until the transfer
can be completed. Owners of property bordering the canal also have responsibilities
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for shoreline areas. These include the State Department of Education (DOE), the
City Department of Recreation (DPR) and private property owners.

To prevent objectionable conditions from occurring, responsible agencies need to
monitor prevailing conditions and plan accordingly. Different tasks will require
different scales of monitoring, and major maintenance cost items should be
anticipated and pre-programmed in agency budgets. The plan identifies six
categories of maintenance activities and recommends a schedule for monitoring
and maintenance. These activities and the agendies responsible for implementation
are described in the order of the frequency of effort, from most frequent to least
frequent, as follows:

© Inspect debris trap(s) and clean as necessary State DLNR (DBOR)
(2-4 weeks and prior to major storms) _

O Intensive cleanup of vegetative and urban City & County DPR & DPW,
debris from streambanks & shoreline areas State DOT & DOE, private

(6 months - spring and fall) property owners

© Inspect canal walls; schedule repairs as State DLNR (DBOR)
necessary (yearly in the spring)

< Survey canal bottom for debris; schedule State DLNR (DBOR)
debris removal as necessary
(yearly in the spring)

& Maintenance dredging of sediments from State DLNR (DOWALD)
Manoa-Palolo Drainage Canal (3 years)

¢ Maintenance dredging of sediments from State DLNR (DOWALD)
Ala Wai Canal (10-12 years)

The plan includes schedules and cost estimates for maintenance dredging for both
the Manoa-Palolo Drainage Canal and the Ala Wai Canal. The Ala Wai Canal has
been dredged twice: in 1966 by the City and County of Honolulu and in 1978 by the
Gtate. Both maintenance dredging actions were undertaken out of necessity because
sedimentation had become serious enough to render the canal a health and safety
problem. The average rate of sedimentation of the canal has been consistent at
about 9,000 to 11,000 cubic yards per year. At this rate, major dredging approximately
every 10 to 12 years is mandatory. The present shoaled condition necessitates
removal of about 135,000 cubic yards of sediment to restore the Ala Wai Canal depth
to -10 feet MSL. The estimated cost is $5.4 million.

1-13




The plan recommends that the Manoa-Palolo Canal also be dredged to provide a
transition between the dredged depth of the Ala Wai and the presently shoaled
depths in the Manoa-Palolo Canal. During the last dredging, a 200-foot reach of the
Manoa-Palolo Canal was dredged to provide the transition. Approximately 55,000
cubic yards need to be removed to achieve the -10 feet MSL. This would cost
approximately $2.3 million if the work is performed separately from the Ala Wai

dredging.

For the future, the plan recommends that the Manoa-Palolo Canal be dredged every
three years so that it can serve as a sediment basin. Removing an estimated 30,000
cubic yards would cost approximately $1.3 million. There is no real cost saving in
more frequent dredging ($1.3 million every 3 years versus about $5 million every 10-
12 years) but it would be easier to budget for in a maintenance program and it would
reduce impacts on the Ala Wai Canal because of minimal, or at least much reduced,

sedimentation.
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CHAPTER 2
DESCRIPTION OF THE AFFECTED
ENVIRONMENT

Physical Characteristics
Location

The Ala Wai Canal is a man-made tidal estuary located in the Waikiki District of
Honolulu. It serves as a boundary of the Waikiki District, separating Waikiki from
the Makiki, Moiliili, and Ala Moana areas of the city. The canal serves as the major
drainage conduit for the Waikiki District of Oahu as well as the approximately 16.3
square mile watershed directly mauka of the canal (Makiki, Manoa, 5t. Louis
Heights, Palolo, Meiliili, Kapahulu and parts of Kaimuki and Diamond Head). The
canal is approximately 2 miles long with widths ranging from 200 to 250 feet. Its
average cross-sectional depths range from 3 to 8 feet, with spot depths ranging from
1 to 12 feet.

Three bridges span the canal. The Kalakaua bridge, built in 1929, was the first
permanent bridge crossing the canal. Subsequently the McCully bridge and the
bridge at Ala Moana Boulevard were added.

Ala Wai Boulevard and a concrete tree-lined sidewalk border the makai side of the
canal from its interior end at Ainakea Way near Kapahulu Avenue to the Kalakaua
Bridge. The Ala Wai Municipal Golf Course, Ala Wai Elementary School, and the
Ala Wai Ballpark and Playground border the canal on the mauka side to McCully
Street. Several high rise condominium buildings have been constructed mauka of
the park. Between the Kalakaua and Ala Moana bridges there are tree-lined
footpaths on both sides of the canal.

The Waikiki Master Plan prepared by Department of General Planning of the City
and County of Honolulu describes the Ala Wai Canal as

“poorly maintained, and its abutting park land are inaccessible from
Waikiki. Together, the Ala Wai Canal and abutting park lands constitute a
major open space asset, which today is under-utilized. The canal itself is
dirty, and the mauka bank is eroding. Bicyclists and joggers compete for
space on the narrow makai bank. The mauka bank’s substantial park lands
are inaccessible by foot from Waikiki and are entirely reserved for active

sports.”




Climate

The average rainfall in the area is 30 inches per year. The predominant wind regime
is an approximately 10-knot tradewind with a somewhat strong easterly component.
Kona conditions can be expected to occur about 15 to 20 percent of the time. The
predominant wind direction is roughly aligned with the longest section of the canal,
thus increasing the wind-induced water transport.

Bathymetry

The Ala Wai Canal was originally dredged in sections. The section extending from
the Ala Moana Bridge seaward for about 500 feet was dredged to a depth of about 25
feet. The section from the Ala Moana Bridge to the 45° bend at the Makiki Stream
confluence was dredged to depths between 10 to 13 feet, while the landward section
between the Makiki Stream and the Kapahulu end of the channel was dredged to
depths between 10 to 20 feet. Since the completion of construction in 1928, sediment
deposition has significantly altered bathymetry in most of the channel sections. The
Ala Wai Canal has been dredged twice since its construction, the initial dredging in
1966 and the second dredging in 1978.

In May 1965 the City & County of Honolulu carried out a bathymetry survey of a
portion of the canal, in preparation for the first maintenance dredging of the canal
(see Figure 2-1). Sunn, Low, Tom & Hara, Inc. (SLTH) in 1977 developed a
Preliminary Engineering Report for the second maintenance dredging of the canal,
which incdludes a bathymetry survey of the canal. It shows very similar patterns to
the 1965 results.

The results shown in the 1965 and 1977 bathymetry surveys indicate that most
sections of the canal exhibit a relatively slow bottom sediment deposition rate. The
area of the canal which is most affected by sediment deposition is between the
McCully Bridge and the Manoa-Palolo Stream confluence. The Manoa-Palolo
Stream drains the Manoa and Palolo watersheds, which represent an area of about
7,200 acres, the largest watershed area that drains into the canal. The Manoa-Palolo
watersheds include part of the Honolulu Watershed Forest Reserve area, which is
an area of steeply sloped, undeveloped forests which generate significant sediment
loads during typical and major rainfall runoff events. The sediment laden flow
enters the canal at a 45° angle towards the ocean and flows seaward. Since the width
and average depth of the canal is significantly larger than the Manoa-Palolo Stream
counterparts, there is a substantial decrease in the mean velocity of the entering
flow. This velocity reduction allows much of the larger size suspended sediment to
fall out of the fluid and to deposit on the seaward side of the stream confluence
forming a “sill.” In both the 1966 and 1978 maintenance dredging programs, this sill
area was the only section of the canal that was dredged.
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The 1966 maintenance dredging operations encompassed a 1,750 feet section of the
canal, starting from the Kapahulu side of the Manoa-Palolo Stream confluence and
extending 1,750 feet towards the ocean entrance. In addition, the Manoa-Palolo
Stream was dredged a distance of 500 feet upstream from the canal confluence. The
required dredge depth was —6 feet mean sea level (MSL).

During the 1978 maintenance dredging program, a 3,500 feet section of the canal was
dredged to a depth of -10 feet MSL, beginning about 100 feet seaward of the McCully
Bridge and extending up the canal to a location about 400 feet past the Manoa-Palolo
Stream confluence as shown in Figure 2-2. To provide a smooth transition with the
Manoa~Palolo Stream, the invert depth was varied from -10 feet MSL at the
confluence, to daylight at the existing stream bottom depth at about 200 feet
upstream from the confluence. The initial plans provided an option to dredge the
last 400 feet of the canal at the Kapahulu end to a depth of -5 feet MSL. Due to
budget limitations, this option was not exercised.

A new bathymetry survey was performed as part of the current project to provide an
accurate map of the existing bottom depths within the entire canal. This
information was part of the input data for the hydrodynamic and water quality
model of the canal. When the present bathymetry data is compared to the last 1978
dredging design, the rate of sediment deposition in the Ala Wai Canal is calculated
to be 10,300 cubic yards per year. This sedimentation rate generally agrees with
previous calculations and indicates a relatively consistent rate over the last 25 years.
Figure 2-3 shows cross-section numbers beginning at the seaward end of the canal.
The cross-sections are spaced at 200-foot intervals. Figure 2-4 shows bottom profiles
referenced to MLLW (mean lower low water) where the middle profile is along the
center axis of the canal, the upper quarter represents a profile one-quarter width
distance from the mauka bank, and the lower quarter represents a profile one-
quarter width distance from the makai bank. The methodology and results of the
bathymetric survey are described in more detail in the project feasibility report.

Tides

High resolution tide measurements at the entrance channel to the Ala Wai Boat
Harbor and at the Kapahulu end of the canal were obtained for a one-month period.
The tide measurement stations are shown in Figure 2-5. For comparison purposes,
tide measurements obtained by the National Oceanic and Atmospheric
Administration (NOAA) at the Honolulu Harbor tide reference station were also
acquired for the one-month measurement period. All three tide data sets, when
superimposed, show very little amplitude and phase differences. Computer analysis
of the tidal time-histories between the entrance and end of the canal indicates that
the tide at the Ala Wai Golf Course lags behind the tide at the Ala Wai Boat Harbor
entrance channel by about 73 seconds. Analytical analysis confirmed that a standing
tide-wave system exists, and that the small time delay is due to friction. This result
was then used to calibrate the hydrodynamic model by adjusting the bottom friction
factor to obtain the required time delay.
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Ala Wai Current and Circulation

tide, and intensifies the flow during the flooding tide. The magnitude of the surface
current velocity is influenced by the magnitude of the fresh water runoff, the size of

the tidal range, and the speed and direction of the wind.

In order to quantify water current flow in the Ala Wai Canal, two types of current
methodologies were used. To obtain a long term representation of current vectors
at given locations, three current meters were located in the canal. In addition to
current meter measurements, the current flow circulation in the canal was
measured using current drogues. Current drogues are almost neutrally buoyant
objects which freely move with the current flow and provide a track of the marked
parcel of water as it is driven by the tides, winds and stormwater inflow. The
current drogues provide additional information on the water flow patterns at
locations different from the deployed current meters.

Within the Ala Waij Canal, 53 individual current drogue deployments were
performed under varying wind conditions (Kona winds, light & variable, and
typical tradewind conditions), varying tidal conditions (flood and ebb tide), varying
surface water runoff conditions, and with drogues set a different depths below the
surface. Due to the shallow water conditions in the Ala Waij Canal, many of the
deployments were “surface” drogues which consisted of 1-gallon plastic containers
partially filled with water such that 90 percent of the container was below water
level. In order to evaluate nearbottom circulation, “bottom” drogues were also

deployed.

Within the Ala Wai Canal, the current measurements display very complicated
variations with water depth, wind conditions, tidal phase and rainfall-runoff
discharges. In particular, a two-layer and at times multi-layer circulation flow

usually distinguished by inflow to the canal during flood tide and outflow during
the ebb tide. For very large rainfall-runoff events, the discharge into the canal
overcomes the tidal forces and the entire water column flows seaward independent
of tidal phase. This very complicated, vertical flow variation characteristic of the
canal required that a two-dimensional (2-D) hydrodynamic and water quality model
of the canal be developed, which would be laterally averaged but would describe
variation along the canal axis and in the vertical dimension between the surface and
the bottom. The model is described in more detail in their project feasibility report.
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Coastal Current and Circulation Measurements

In order to quantify ocean currents in the nearshore coastal waters, both current
meter and drogue measurements were obtained. One current meter was centered at
the Ala Wai Boat Harbor entrance channel and the other two located about 3,000 feet
ewa and Diamond Head of this center station, at bottom water depths of about 60

feet.

The measured current data shows a strong correlation with tidal processes, with the
currents primarily oriented along the bathymetry contours. There is a preference for
current flow towards the southeast, which is parallel to the bathymetry contours,
both in terms of the frequency of occurrence and the magnitude of the current
speed. This occurs primarily during the ebb flow part of the tidal cycle.

In addition to the current meter measurements, current circulation in the nearshore
coastal area was measured using current drogues. The current drogues utilized for
this effort were essentially identical to the drogues used for current measurements
in the Ala Wai Canal. For the nearshore coastal area, 40 individual current drogue
deployments were performed under varying wind conditions (Kona winds, and
light and typical tradewind conditions), varying tidal conditions (flood and ebb tide),
varying surface runoff conditions, and variable depth drogue settings. The focus of
the drogue deployments was in the area of the Ala Wai Boat Harbor entrance
channel and the coastal waters in close proximity to the entrance channel.

The results indicate the similar two-layer characteristics of the discharged flow from
the canal as was shown in Ala Wai Canal drogue measurements. During moderate
and heavy surface runoff discharges into the canal, the surface layer drogues exhibit
strong seaward velocities, while simultaneously released mid-depth and bottom
drogues in the entrance channel area tend to flow parallel to the bottom depth
contours. During heavy rainfall events, the surface layer plume discharged from
the Ala Wai Boat Harbor entrance channel was clearly visible by the sharp
boundary line between the silt-laden brown discharged waters and the clearer green
ocean waters. The surface layer drogue velocities show strong offshore components,
which dominated the tide-driven currents that tended to flow parallel to the bottom
depth contours.

Dye Flushing Survey

A detailed dye flushing test was carried out involving the injection of Rhodamine
WT dye into the entire Ala Wai Canal. Water samples were obtained daily for about
2 weeks, at 4 stations and at 4 locations in the water column (surface, 1/2 meter
below the surface, mid-depth, and 1/2 meter off the bottom). The dye concentration
data allowed a direct determination of the dye flushing time constant which is
represented by the time that it takes for the dye concentration to fall to 50% of its
initial value, Tsp. Surprisingly consistent Tsp time constants of the order of 40 to 60
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hours were calculated for all 4 stations and the 4 different depth levels. These Tsp
flushing time constants were used in the calibration process for the 2-D
hydrodynamic and water quality model. Conductivity-temperature-depth (CTD)
profiles were also obtained during the dye flushing survey. Locations of the
sampling stations are shown in Figure 2-6.

Water Quality

As the collecting point for the Makiki, Manoa, Palolo and Kapahulu watersheds
(Figure 2-7), the canal accumulates sediments, nutrients, some heavy metal
contamination, and solid waste trash. The results of these contaminations are
reflected in discoloration of the water due to phytoplankton growth, suspended
sediments, and visually objectionable trash. In addition, some incidence of bacterial
infections has been reported.

The two primary objectives of the water quality monitoring effort by OI Consultants,
Inc. were to describe the existing environmental conditions within the canal and to
provide input data for the computer model. This model helped identify pivotal
parameters which affect water quality within the canal and establish targets which
can be used to examine the effectiveness of different engineering alternatives such
as routine maintenance measures (e.g., dredging), improved flushing rates, and
water circulation in the canal. In order to choose the best of several engineering
solutions to improve water quality, a series of water quality samples were collected
to characterize conditions within the canal and within the source waters (streams,
ground water, ocean water). These data were analyzed and compared with the
available historical water quality data base for development of the canal model.

Water quality samples were collected at sixteen stations within and offshore the Ala
Wai Canal, and in the major streams discharging into the canal (Figure 2-8).
Samples were collected at or near high tide on six sampling days: October 3,
November 1, December 3, 1991, January 7, February 8, and March 3, 1992. Samples
were collected at three depths at most stations within the canal and nearshore
marine waters: 0.5 m below the surface, 0.5 m above the bottom, and at mid-depth.
Only surface or surface and bottom samples were taken at Station 8, the shallow
mud flat at the confluence of the Manoca—Palolo Stream. Samples within the major
streams feeding the canal were taken at mid-depth. Samples were collected with
Niskin bottles closed at the target depth, or with 500 mL polyethylene bottles for the
stream samples. Samples for bacteriological analysis were collected directly into 100
mL specimen cups and placed in a cooler at ambient temperature; all other samples
were collected in 1 liter polyethylene bottles and placed over ice until processed in
the lab. Continuous profiles of temperature and salinity were taken on several dates
utilizing a conductivity/temperature/depth recorder with fine (10 cm) vertical

resolution.

Water quality parameters measured included those listed in the State of Hawaii
water quality standards for open coastal and estuarine waters and additional
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parameters which provide information on ground water sources and influence:
temperature, salinity, total nitrogen, nitrate-nitrite, ammonium,
orthophosphate, reactive silicate, turbidity, suspended solids,
nitrogen, chlorophyll, dissolved oxygen, Ph, fecal coliforms

methods used for each analysis are presented in Table 2-1.

Water Quality Parameter

Water Quality Samples

Temperature
Salinity

Nutrients

Total nitrogen
NH4

NO3/NO2

Total Phosphorus
PO4

S5i04

Particulate Carbon
Particulate Nitrogen
Chlorophyll

Turbidity
Suspended Solids
Dissolved Oxygen
pH

Fecal Coliform
Enterococcus

Table 2-1
Collection and Analysis Methods for the Ala Wai Canal
Measured Water Quality Parameters

Collection and Analysis Method

Precision thermometer
Laboratory salinometer

Technicon AutoAnalyzer II; D'Elia et al, 1977
Technicon AutoAnalyzer II; Solorzano, 1969
Technicon AutoAnalyzer II; Technicon Inc., 1977
Technicon AutoAnalyzer II; Grasshoff et al, 1983
Technicon AutoAnalyzer II; Murphy and
Riley, 1962
Technicon AutoAnalyzer II; Strickland and
Parsons, 1972
Carbon-Nitrogen Analyzer; Grasshoff et al, 1983
Carbon-Nitrogen Analyzer; Grasshoff et al, 1983
Turner Designs fluorometer; Strickland and
Parsons, 1972
Turner Designs nephalometer; APHA, 1986
Filtration, electrobalance; APHA, 1986
YSI laboratory oxygen meter
Orion digital pH meter
Filtration, incubation; APHA, 1986
Filtration, incubation; APHA, 1986

Temperature/Salinity. Continuous profiles of temperature and salinity for selected
stations in the nearshore marine environment and the Ala Wai Canal were
developed from samples taken on January 7, 1992. Results are typical for the canal
and adjacent waters under most tide and wind conditions. Nearshore waters
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(Station 1) show patterns of generally vertically uniform temperature and salinity
below about 1 m depth, with a low salinity, higher temperature layer overlying this.
The upper layer is the relatively unmixed outflow of brackish water from the canal.
The salinity profile at Station 3 reflects the greater influence of brackish water near
the canal mouth, with the brackish layer extending to 2 m depth and surface salinity
as low as 27 parts per thousand (ppt). The temperature profile appears to reflect
some degree of solar heating of the upper layer, also seen at Station 1, with a cooler
surface (<0.5'm depth) layer.

Groundwater Budget. The groundwater influx to the Ala Wai Canal was estimated
from profiles of salinity taken at stations 3-12 in the canal on February 8, 1992. The
data are presented in Table 2-2. The volume of fresh water (fw) was calculated as
111, 053 m3 or 3.9 million ft3.

TABLE 2-2
Calculation of Groundwater Influx into the Ala Wai Canal
Channel Section Section Areal X-Section  Section
Width  Length Area fw fw fw
Station (m) {m) (m2 (m3/m2) (m3/m) (m3/section)
1 685 o m— 0.031 21 -—_
2 113 — -— 0.190 21 -
3 71 o -— 0.300 21 -—
4 67 411 27,556 0.316 21 8,708
5 60 366 21,919 0.372 22 8,154
6 57 411 23,485 0.495 28 11,625
7 89 457 40,447 0.439 39 17,756
8 89 297 26,290 0.365 32 9,596
9 89 251 22,246 0.471 42 10,478
10 89 331 29,324 0.552 49 16,187
11 89 388 34,380 0.560 50 19,253
12 80 308 24,659 0.377 30 9,297
TOTAL 3,221 250,306

Since salinity profiles from different sampling days were generally similar, it was
assumed that the ground water influx is in a steady state with mixing and outflow.
The dye studies described earlier provide estimates of the Tsg (the time to decrease
the concentration of a material by 50%) for the canal. For all shallow layers at
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stations within the canal, the Tsp times were generally 40-45 hours. The daily turn-
over rate can be calculated from the Tsp rate, and is estimated to be 33%; i.e.,
approximately 1/3 of the water in the canal is exchanged (removed) each day. Thus,
at steady state, the volume of fresh water entering the canal is approximately 36,647
m3 (1.3 million ft3) per day. Assuming that the influx is relatively constant over the
length of the canal (3,221 m), the calculated input per unit length is 11.4 m3/m/d
(402.3 million ft3/m/d), or approximately 4.83 million gallons per day (mgd) per
mile. This daily input rate is similar to that calculated for other islands (1 - 6 mgd
per mile). The value is an estimate of the total freshwater inflow to the canal. It
actually includes both groundwater and stream input, although no estimate of fresh
water input by streams was included. However, stream flows during the period of
salinity profiling were low, so the estimate of groundwater influx is probably not a
large overestimation.

Other Water Quality Parameters. The data show that Makiki Stream is primarily a
source of high-nutrient water with characteristics similar to groundwater (i. e., high
silicate, nitrate and phosphate) In contrast, Manoa Stream shows the influence of
surface runoff. Silicate levels are relatively low and constant throughout the Manoa-
Palolo system (Manoa A-D, Palolo), indicating relatively low or no groundwater
influx. Nutrient levels are very low at the head of Manoa Stream (Manoa A), and
increase downstream. These stream water characteristics are reflected in the
relationships between water quality parameters in the canal.

The correlation of nutrient ions with silicate varies strongly depending on their
origin. Water from the Manoa and Palolo Streams tends to be lower in phosphate
than groundwater seeping into the canal directly or via Makiki and Apukehau

streams.

The composition of suspended matter varies. There is no consistent strong
correlation between its components (chlorophyll, total suspended matter, turbidity,
particulate carbon and nitrogen). Turbidity and total suspended solids are generally
well correlated. Occasionally, high total suspended solids were not accompanied by
high turbidity. Turbidity and chlorophyll are also well correlated. Total suspended
solids tend to increase in bottom water from the mouth towards the end of the
canal, but vary little in surface water throughout the study area. Turbidity also tends
to increase in profiles towards the sediment. Chlorophyll levels are generally
highest in mid-depth and bottom samples.

Fecal bacteria counts appear to be related to surface runoff and stream flow. Highest
numbers were found after periods of rain and increased stream flow. However, the

numbers decreased rapidly in samples with near-seawater salinity.

Visual Water Quality. The primary aspect of water quality in the canal which has
been targeted for improvement is water clarity. Water clarity is a function of several
components within the water column: dissolved material which colors the water;
inorganic particulate material such as suspended sediments; and organic particulate
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material such as phytoplankton. Dissolved color and inorganic particulate material
are input to the canal primarily in stream flows. The majority of these inputs occur
during storm events and their impacts on water clarity are relatively transient. The
majority of the inorganic sediments entering the canal via stream flow are
discharged directly to the ocean during storm flows; some settle to the canal bottom
and may be resuspended under strong winds and consequent vigorous vertical

mixing.

The contribution of phytoplankton biomass to the total suspended solids load was
estimated from relationships between phytoplankton chlorophyll, carbon and dry
weight. Values derived from regression analyses were used to establish target
chlorophyll levels for the physical-biological model of the flushed canal. A series of
calculations were performed estimating the water clarity as a function of chlorophy!l
concentration. In addition, the water clarity was estimated utilizing the Secchi
depth, a standard oceanographic measure of water clarity. It is defined as the depth
to which a disk of solid white or alternating white and black quarters can just be
seen. Thus it represents a measure of water clarity to which most people can relate.

Based upon these calculations, the target for maximum chlorophyll concentrations
in the canal under active flushing has been set at 5 Hg/1 (micrograms per liter).
Under the relatively conservative calculation of water quality, the water clarity at a
chlorophyll concentration of 5 ug/1 would be sufficient to see a light colored object
on the bottom of the canal at a depth of 3.5 m (10-12 feet). The less conservative
calculated water clarity may be more applicable since it reflects the dilution and
flushing of colored dissolved material and/or inorganic particulates. Under this
scenario, water clarity would be such that a light object would be seen at depths near
5.5 m (18 feet), and the water dlarity in the shallower canal would be perceived to be
significantly better than for the first case.

Some of the model runs resulted in chlorophyll levels higher than 5 pg/l but less
than 10 pg/l. In those instances where the chlorophyll levels were within this range,
water dclarity would be decreased somewhat, but under the more likely chlorophyli-
visibility scenario, a light-colored object would be visible on the bottom even at 10

ug I-1 chlorophyll.

Discussion and Conclusions. Water quality in the Ala Wai Canal is determined by
its source waters (nearshore ocean water, groundwater, streams), mixing and tidal
exchange, and input from the accumulated sediment via resuspension and
regeneration. "New" nutrients (not recycled in situ) are derived from groundwater
and the streams. Silicate concentrations, an indicator of groundwater, were usually
higher in stream discharge than canal water, but occasionally, surface water in the
canal contained concentrations exceeding the stream loads in the vicinity of
discharge, and approached them on other occasions, despite higher salinity.
Seawater dilution of the silicate input to the canal is conservative, with steepest
gradients in the canal itself. Lesser gradients in the lowest reaches of the streams
indicate lower silicate concentrations in the stream discharges than groundwater.
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Usually there is less silicate in water of the Manoa/Palolo Streams than in the
Makiki Stream. However, the groundwater component in the streams varies,
depending on the differences in rainfall in their respective water shed areas.

Phosphate ion concentrations are generally well correlated with silicate within the
canal proper. The distribution of silicate and phosphate in different source waters is
not proportional, however. The highest concentrations of both silicate and
Phosphate were observed at the mouth of Makiki Stream (Station 13). The source
water for this stream is apparently undiluted groundwater, and the concentrations
in Makiki Stream are assumed to represent groundwater conditions. Flow in Manoa
and Palolo Streams is primarily surface runoff, and the lower nutrient levels reflect
this different source. The lowest concentrations occurred in the confluence of
Manoa and Palolo Streams, while dilution gradients were intermediate in the canal

itself.

In the Ala Wai Canal, not all the phosphate followed the simple physical dilution
model observed for silicate. At the Kapahulu end, high phosphate concentrations
often occurred in bottom samples with high salinity and low silicate concentrations;
high ammonium levels were noted in the same samples. The Kapahulu end of the
canal serves as a trap for particulate materials. High organic matter and microbial
activity cause oxygen deficiency in bottom water. Microbia] activity releases
regenerated nitrogen (as ammonium) and phosphate into the interstitial waters.
Phosphate appears to be released from the sediment, like ammonium. Turbulence is
not a likely physical mechanism for these releases. There are no waves and
recreational activity (canoe racing) is infrequent. Rather, the release is likely through
a process of simple diffusion from high concentrations in interstitial water to the
overlying canal water. The high proportion of phosphate to silicate in the Makiki
and Apukehau Streams probably reflects the groundwater ratio of these jons more

closely, than that found in the canal.

Nitrate-nitrite concentrations follow the distribution pattern of phosphate in the
streams, but not in the canal. Here, only low source concentrations of phosphate are
correlated with low nitrate-nitrite concentrations. High source concentrations of
nitrate-nitrite and phosphate occur independently of one another. The steepest
nitrate-nitrite to silicate gradient (approximately 1/6, i.e., the highest apparent
nitrate-nitrite concentration in groundwater) was observed commonly at the far end
of the canal, where freshwater made up only 10% of the volume. Groundwater is
not the only source of this nitrate. The nitrate-salinity plots show evidence of nitrate
in addition to that provided by groundwater (i. e., data points above the
conservative mixing line). Since these high nitrate values occur in surface water,
while bottom water was shown to be increased in regenerated ammonium, a source
other that the sediments is required. One possible source is percolation of nutrients
added to the adjacent Ala Wai Golf Course.
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Marine Biology

The marine biology of the canal was the subject of studies in 1970-71 by the State
Fish and Game Division of the Department of Land and Natural Resources. Primary
productivity was described by Carol Harris in 1975 and ecological studies of higher
trophic level organisms (crustaceans and fish)were conducted by Jacqueline Miller,
also in 1975.

The Miller study covered marine organisms of recreational value and their physical
environment. Of the five species of crabs and 21 species of fish found in the canal,
only two crab and six species of fish were reported in sufficient abundance to be of
recreational importance. The two crab species are the Hawaiian swimming crab
(Podophthalmus vigil) and the blur cdlaw crab (Thalamita crenata). The six fish
species are awa (Chanos chanos), awa awa (Elops hawaiiensis), mullet (Mugil
cephalus), papio (Scomberoides santi-petri), and kaku (Sphyraena barracuda) and
Tilapia mozambigue.

Three physical parameters were measured extensively throughout the canal as part
of the Miller study, salinity, temperature, and dissolved oxygen. Of the three,
dissolved oxygen was found to be the only parameter that affected the distribution of
species. benthic fish and crab species were noticeably absent in areas of low oxygen
concentrations.

Air Quality

Air quality in the vicinity of the canal is affected by vehicle emissions and natural
sources. Ala Wai Boulevard is 2 major road transversing Waikiki, and emissions
from vehicles would be likely to be blown across the canal. Natural sources of air
pollution affecting air quality include ocean spray, plant pollens, and wind-blown
dust.

The State Department of Health maintains a network of air quality monitoring

stations located at various sites around Oahu. Based on data from these stations, it is
likely that both the national and more stringent state standards are being met.

Noise

The existing noise environment is typical of an urban setting, especially on the
makai side of the canal adjacent to Waikiki where there are many high rise
buildings and heavy traffic on Ala Wai Boulevard. The larger amounts of open
space on the mauka side of the canal result in a somewhat quieter environment.
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Scenic and Visual Resources

As noted earlier, the water in the canal is not very clean. Achieving water clarity
and improving the canal’s appearance is a major project objective. However, the
general setting of the Ala Wai Canal is beautiful, and from certain vantage points,
stunning. The Description of the canal accompanying its nomination to Hawaii and
National Registers of Historic Places notes that

“The Ala Wai Canal provides an important aesthetic dimension to the
Waikiki neighborhood with its open space and tranquil waters. While the
land surrounding the Ala Wai has undergone incredible change in the last
71 years, the environment at the canal has remained relatively constant.”

The Waikiki Master Plan describes the canal as an “important manmade landscape
feature that serves today to physically and visually divide it [Waikiki] from the rest
of Honolulu and create a distinctive attraction for both active and passive

recreation.”

Social and Economic Characteristics

Historic/Cultural Resources

The following information on the history of the Ala Wai Canal is taken from the
document supporting the nomination of the canal to the Hawaii and National
Registers of Historic Places, by the Hawaii Historic Places Review Board, because of
its importance to the development of Waikiki and Honolulu generally. The Board
approved the nomination and the Ala Wai Canal is now listed in the Hawaii
Register of Historic Places. No decision has been made on whether the State Board
will pursue nomination to the National Register.

Since the 1500’s, “Waiatite” was the seat of government for Hawaiian royalty on the
island of Oahu. From that time forward, Waikiki was also a documented rich and
productive agricultural region until 1921 when construction of the Ala Wai Canal

began.

Even after 1809, when Kamehameha I moved his court to Honolulu, Waikiki
continued to bea favored haunt of Hawaiian royalty. The area was also increasingly
popular with the growing number of haole (foreigners) living in Honolulu toward
the turn of the century. As Waikiki’s popularity began to grow, the value of the area
increased and the community began to develop and change. The wetlands (referred
to by many as “swamp lands” could, in the eyes of many in Honolulu, be put to
better use than raising ducks and growing rice, but only if the land could be

“reclaimed” (filled in).




Bath houses began to be established, the first in 1881. In 1903, the Honolulu Rapid
Transit Company inaugurated a service between Honolulu and Waikiki, providing
easier access to the area. By 1921, the year construction of the Ala Wai Canal began,
five major hotels had been constructed in Waikiki. One project that had
considerable influence was the reclamation of Fort DeRussy in the Waikiki area. In
the first decade of the twentieth century, the U.S. Department of War acquired 73
acres of land in Waikiki; from 1909 to 1911 the Quartermaster Corps was assigned
the task of filling “a portion of the fish ponds which covered most of the fort (Fort
DeRussy).” This was the first reclamation of land in the area.

Increased public concern over the mosquito problem, and the potential spread of
contagious and infectious diseases in Hawaii, was one of the most important factors
leading to the construction of the Ala Wai and the Waikiki Reclamation Project.
The mosquito was accidentally introduced to Hawaii in 1826, and the Waikiki
wetlands provided an ideal breeding ground for these insects.

One final factor that ied to the construction of the canal was the concern over the
draining of wetlands onto the shores of Waikiki’s beaches, at a time when bathing
was becoming increasingly popular and there were a growing number of visitors to
Hawaii’s beaches. The proposed drainage canal would carry the runoff away from
the Waikiki beaches.

The original proposal to build the Ala Wai Canal was put forward in 1906 by Lucius
E. Pinkham, then president of the Board of Health of the Territory of Hawaii. In a
report to the board, Pinkham recommended the reclamation of the Waikiki district
of the city of Honoluly, proclaiming that the lands in Waikiki were in a deleterious
and unsanitary condition. He proposed to fill in what he termed swamp lands to
create an “attractive and charming” residential neighborhood. This reclamation of
625 acres would be accomplished by the construction of a “great lagoon” that would
yield the necessary fill material and “create a quite marvelously beautiful, unique
district, a Venice in the midst of the Pacific.” He envisaged that the canal would be
used for boating, providing an ideal course for racing. Thus, while the canal would
serve a recreational purpose upon its completion, the primary reason for its
construction was to provide the necessary fill for adjacent lands and to drain runoff
from the Manoa, Makiki and Palolo valleys away from Waikiki’s beaches. While the
proposal was shelved for a number of years, upon his appointment as governor of
the Territory by then-president Woodrow Wilson in 1913, Pinkham devoted much
of the energy of his four-year term to the implementation of his Waikiki plan.

By 1920, 85 percent of the land required for the building of the canal had been
acquired and bids to dredge the canal were solicited. In December 1920, the bids were
opened and the contract for the project was awarded to the Hawaiian Dredging
Company, owned by Walter F. Dillingham. Dillingham’s bid was one of only two
bids received by the Territory for the project.




Construction was begun in 1921 and by January of 1922, Hawaiian Dredging
Company had completed the first phase of the project. The hydraulic dredge

the size of the dredge, it could not successfully operate in a width of 60 feet, so the
canal had to be cut to an approximate width of 150 feet.

By mid-1923, the “Kewalo” had cut its way almost 6,500 feet towards Kapahulu
Road, cutting a channel approximately 135 feet wide and 10-20 feet deep. Bigelow,
reported that the canal “has now intercepted Apuakehau Stream which flowed by
the Qutrigger Club and all the filthy waters which previously flowed on to this fine
swimming beach have been diverted and now flow out to the sea by way of the

canal.”

By mid-1924, the canal was 150 feet wide and had been dredged “its entire length” to
Kapahulu Road. Due to a lack of funds, the Diamond Head end of the canal, called
for in Lucius Pinkham’s original proposal, was put on hold until “some later date,
when funds are made available.” Pinkham had recommended that the canal should
exit back out to the ocean at Kapiolani Park, with tide gates at the both entrances to
be closed at high tide and “the waters thus forced through the lagoon to exit at the
Ala Moana bridge.” This portion of the canal was never completed, though in 1967
the local Rotary club and other civic groups brought the idea up again with no

success. :

In order to provide the additional fill material necessary to bring the Waikiki
Reclamation Project to completion, the canal was widened by 100 feet. By mid-1927,
the filling of the McCully tract, a vast area of pondfields and fishponds, was
completed and the canal was 250 feet wide almost to Kapahulu Road.

The canal acquired its name in 1925 when the City Planning Commission requested
that ditizens of Honolulu submit suitable names for the renaming of the Waikiki
drainage canal. Jennie Wilson, wife of Mayor Wilson, suggested the name Ala Wai,

Hawaiian for “waterway.”
Population and Land Use

According to the 1990 census (DBED Data Book 1991), the resident population of
Waikiki (Neighborhood Statistics Program Area #9, census tracts 18-20) was 19,000 as
of July, 1989.1 The population of the other districts adjacent to the canal were
Diamond Head/Kapahulu (portion of Area #5 below the H-1 Freeway and Waialae
Avenue, census tracts 15-17 and 21), 13,800; McCully/Moiliili (Area #8, census tracts
22-26), 28,500; and Ala Moana/Kakaako (Area #11, census tracts 36-38), 10, 650. The
census fracts and Neighborhood Statistics Program Areas are shown in Figure 2-9

and 2-10.

1Al figures are rounded.
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The Waikiki Master Plan states that the current total inventory of visitor units in
Waikiki—hotel and short-term condominium rentals—is 32,800. The plan notes
that while resort use is predominant, Waikiki has retained a strong residential
community which lends diversity and vitality to the district. Both the residential
population and the housing stock occupied full-time have risen over the past two
decades. However, the daily census of visitors and the visitor housing has risen
substantially. Because of the strong demand for visitor units, over 11,000 apartment
units are being used as visitor accommodations.

The Waikiki Master Plan examines several alternative growth scenarios. It
recommends moderate growth, with some zoning modifications but no substantial
increase in allowable densities, for a growth level of 3,000 to 5,000 additional visitor
units. This scenario also envisions moderate growth in residential units, with a
potential increase of 3,000 apartments, half of which would be moderately priced
units on publicly owned sites.

The plan envisions a “grand Promenade” offering uninterrupted pedestrian access
around the perimeter of Waikiki. The Ewa section of the canal is proposed to be
enhanced as part of the Waikiki Promenade. The plan proposes that:

v 1\ “A wide floating
. \ walkway would be
ALY/ created to permit
additional pedestrian
access for walking at
the level of the water.
The floating walkway
may be used for small
cafes; canoes and
kayaks may tie off
along its length. A
pedestrian bridge to
the ewa side of the
canal would Dbe
provided at Lipeepee
Street. Night lighting would be important in providing sparkle and life to
the canal edge and highlighting the historic canal wall, which would be
restored. Ala Wai Boulevard from the Ala Moana Bridge to Lipeepee
would be closed. The right-of-way would be landscaped as a pedestrian
promenade parallel to the canal.

Improvements to the Diamond Head side of Ala Wai Boulevard were
intended to create opportunities for outdoor dining near the canal. A
continuous planting strip to preserve the regular planting of trees would
be required. Sidewalk cafes would be permitted.
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The mauka section of the canal would be enhanced for recreational uses.
A smaller floating walkway would provide access to the water’s edge for
pedestrians. The canal wall along this section of the canal is not historic
and can be selectively rebuilt to provide wider steps to the floating
walkway. Sidewalks and landscaping would be improved along Ala Wai
Boulevard to enhance the street and provide shade and a suitable surface
for walking or running. At intervals along the canal, overlooks would be
created where pedestrians may sit and relax away from the main

sidewalk.”

The plan proposes to convert the golf course into a large landscaped park to “extend
the feeling and uses found in Kapiolani Park to the mauka edge of Waikiki.” A
formal boat turning basin would be created at the Diamond Head end of the canal
near the library. Facilities for competitive canoe and kayak racing and training
would be developed around the turning basin. A pedestrian bridge would be
constructed between the park and the makai side of the canal at the end of Nahua

Street.

Employment

Waikiki and the Ala Moana Shopping Center across the Ala Wai Canal are major
centers of employment and economic activity on Oahu. While the resident
population of Waikiki was 19,800 in 1990, the de facto population was estimated as
95,800, based on an estimated 300 residents temporarily absent and an annual
average daily visitor count of approximately 76,500 persons. The number of
employed person in Waikiki for 1990 is not available. In 1980, there were 9,600
employed persons living in Waikiki and 30,000 working in Waikiki. Given the
increase in visitors between 1980 and 1990, from 46,500 to 76,500, it would be
expected that there would also be a similar increase in employment.
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CHAPTER 3

PROBABLE IMPACTS AND MITIGATION
MEASURES

Introduction

This chapter provides an evaluation of the environmental impacts associated with
both the proposed deep groundwater well concept and a submerged pipeline system
constructed in the Ala Wai Canal with an intake in the entrance channel to the Ala
Wai poat Harbor. The deep groundwater well system is the preferred alternative,
primarily based on its low estimated construction cost versus the submerged
pipeline system. Should this concept prove to be infeasible during a proposad
prototype production well drilling and testing program, the alternate submerged
pipeline system would then become the recommended alternative. The probable
impacts common to both alternative concepts are discussed first, followed by

discussions of impacts specific to each concept plan.

Environmental Impacts Common to Both Proposed Systems

Water Quality in the Canal

One of the necessary criteria for the deep groundwater well system is that the supply
water should have the same general characteristics as coastal seawater. Based on
this criterion, the water quality impacts due to both proposed flushing water systems

for the Ala Wai Canal are identical.

Chlorophyll Concentrations. The existing chlorophyll concentrations in the canal,
as gen'erally represented by the Base Case 2-D model results, have maximum values
that typically range to about 50 pg/l, with the worst concentrations existing at the
Kapahulu end of the canal which range from 50 - 30 pg/1 varying from the surface to
the bottom respectively. Field measured dissolved oxygen concentrations are
generally in the 5 mg/l range throughout most of canal waters except in the lower
layers of the Inner Basin, the region between the confluence of the Manoa-Palolo
Stream and the end of the canal, and at the Kapahulu end of the canal. In the
bottom layer of the Inner Basin the dissolved oxygen concentration are about 1

mg/l.

The proposed injection of 20 cfs seawater into the Kapahulu end of the canal will
decrease the chlorophyll concentrations from present conditions, to maximum
concentrations ranging from 3.5 - 6.5 nug/l, with the Kapahulu end of the canal
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yielding chlorophyll concentrations between 6.5 to 0.2 varying from the surface to
the bottomn, respectively. If the maximum seawater inflow rate of 30 cfs is utilized,
the maximum chlorophyll concentrations would typically range from 1 - 2 pg/l,
with the Kapahulu end of the canal having chlorophyll concentrations between 2.0
to 0.2 pg/1 varying from the surface to the bottom, respectively. This reduction in
chlorophyll concentration will result in improved water quality and water clarity.

Dissolved Oxygen Concentrations. Dissolved oxygen concentrations will improve
when 20 cfs of seawater is injected into the Kapahulu end of the canal. In the
present situation, the dissolved oxygen concentrations in the canal are typically in
the 5mg/l range, except in the bottom layers of the Inner Basin with concentration
of about 1 mg/1 and at the Kapahulu end of the canal shows concentrations of 1-3
mg/l. When a 20 cfs seawater flushing water inflow is provided, the variations
throughout most of the canal waters are relatively small when compared to the
existing conditions (Base Case), but the improvement in the Inner Basin and at the
Kapahulu end of the canal are more significant. In general, the dissolved oxygen
concentrations in the Inner Basin and at the Kapahulu end of the canal typically
range between 4 - 6 mg/l, with no significant decrease in the lower layers. The
dissolved oxygen concentrations for a 30 cfs seawater inflow are very similar to the
20 ofs seawater inflow case. The more dense seawater effectively flushes the bottom
layers, thereby improving its water quality characteristics.

Water Clarity. During typical conditions in the Ala Wai Canal, when no significant
rainfall events occur, the water clarity in the canal waters is primarily determined by
the water column chlorophyll concentrations. Under present conditions with
typical maximum chlorophyll concentrations of 30 - 50 pg/l, the depth that a solid
colored white object (Secchi Disk) can be visually seen is about 6 - 4 ft respectively.
In the case of the Ala Wai Canal, since the bottom is dark in color, the ability to see
the canal bottom is reduced from these standard Secchi Disk values.

With reduced chlorophyll concentrations of the order of 5 ug/las are expected to be
produced for a 20 ¢fs seawater injection rate, the depth at which the Secchi Disk can
be visually seen are expected to be on the order of 11 - 12 ft, or about 2 to 3 times the
water clarity that presently exists in the canal. For a 30 cfs seawater inflow rate, the
expected chlorophyll concentrations of 1-2 ug/l convert to Secchi Disk distances of
the order of 13 ft. Thus, it is expected that water clarity conditions will improve
significantly.

Improvement in water clarity will provide a greater opportunity to see the bottom
of the Ala Wai Canal. If canal dredging does not take place before the proposed
improvements are implemented, the new view of the canal bottom will reveal
debris and trash accumulated over decades. This unattractive view will likely
prompt concerned citizens to complain about this situation. To remedy existing
conditions and prevent future problems, an active maintenance program of bottom
debris removal and dredging should be implemented as recommended in A
Maintenance Plan For The Ala Wai Canal.
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Odor. The injection of flushing seawater will generally not have any immediate
impact on odor from the Ala Wai Canal waters. The odor associated with the canal
are primarily caused by hydrogen sulfide generated in the bottom sediments due to
anoxic conditions. When these bottom sediments are disturbed during storm water
discharges or during dredging operations, temporary odor problems may occur. On
the other hand, to the extent the source of the odor come from suspended material
in the water column, the reduced residence time of the canal waters associated with
the proposed flushing seawater system will tend to mitigate this odor problem.

In the long term, the continuously operated seawater flushing system will provide
an improvement to the general odor problems of the canal. With the expected
significant reduction in phytoplankton growth, as evidenced by reduced chlorophyll
concentrations, there would be less organic detritus materials which would settle on
the bottom, thereby reducing the potential for hydrogen sulfide generation. When
maintenance dredging of the canal is combined with the seawater flushing effects,
the potential to significantly improve the odor problems of the canal are excellent.

Bacteria. In general, bacteria which enters the Ala Wai Canal does not grow within
the canal waters, but instead undergoes dieoff. Bacteria dieoff is very sensitive to
water salinity, because the dieoff rate is much higher in a seawater environment
than in fresh water. Bacteria dieoff rates are usually described by the time that it
takes for 90% of the bacteria to die from its initial value, designated Typ. For
example, coliform bacteria dieoff rates, Toq, in seawater are of the order of 15 - 60
minutes. In fresh water, coliform dieoff rates are estimated to be of the order of 24
hours. Consequently, bacteria concentration measurements in the Ala Wai Canal
consistently show a significant decrease with distance below the surface, particularly
between the brackish surface layer and the lower near-seawater layers.

Bacteria concentrations in the Ala Wai Canal will improve from their present
conditions when the 20 - 30 cfs seawater inflow is injected into the Kapahulu end of
the canal. The injected seawater and its consequent circulation will induce vertical
mixing, thereby increasing the salinity in the upper layers with its attendant biocidal
effects. Moreover, the flushing seawater inflow will reduce the residence time of
the waters in the entire canal, and more rapidly transport the upper layers into the
ocean receiving waters where the high salinity concentrations will promote rapid

dieoff.
Water Quality Impacts During Significant Rainfall-Discharge Events

While the circulation flow physical effects are minimal during a significant
discharge flow event, the water quality consequences are more significant. Table 3-1
describes the chlorophyll concentrations for the Base Case (existing conditions)
including a 2,150 cfs storm water discharge flow into the Ala Wai Canal, without
and with the proposed 20 cfs seawater inflow at the Kapahulu end of the canal. The
2,150 cfs storm water discharge flow was arbitrarily selected as 1/2 of the one-year
return period peak storm water discharge flow into the Ala Wai Canal.
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For the BC plus 2,150 cfs storm water discharge, the chlorophyll concentrations are
all very low throughout the canal except in the lower layers of the Inner Basin
where they are very high, reaching levels of about 150 Hg/l. In this situation the less
dense fresh water flow layer isolates the lower layers of the Inner Basin, due both to
the vertical cap and due to the inability of ocean waters to flow into the canal in the
bottom layers. The result is an increase in the residence time of the waters in the
lower layers of the Inner Basin, and consequent increase in chlorophyll
concentrations and reduction in dissolved oxygen. When the 20 cfs seawater inflow
is added to the BC plus 2,150 cfs storm water inflow, Table 6.1 indicates that the
chlorophyll concentrations in the lower layers of the Inner Basin improve to 90 - 100
ug/l. These chlorophyll concentration results should be viewed as qualitative
indications of the water quality effects since the 2-D model results are associated
with steady-state, equilibrium conditions, and the 2,150 cfs storm water inflow rate is
not expected to last for many days. In general, the flushing seawater inflow will
have a small, beneficial water quality effect during significant storm water
discharges into the Ala Wai Canal.

TABLE 3-1

Chlorophyll Concentrations (ug/l) for Base Case with 2,150 cfs Storm Discharge with
and without 20 cfs Seawater Inflow Condition

Description Station Number
4 5 6 7 9 10 11 12 Harbor

BC With Storm Discharge
(Totat 2,150 cfs)
' TOP 012 010 014 014 012 013 016 074 055

MIDDLE 027 019 026 023 021 017 015 080 1.07
BOTTOM 071 025 033 040 7.7 1488 1575 (.18 0.74
MAX 071 025 033 040 7.17 1488 1575 0.80 1.24

BC With Storm Discharge

& 20 cfs Seawater Inflow
TOPF 0.1 0.10 0.13 0.13 012 013 0.4 032 060

MIDDLE 025 017 022 019 017 015 014 019 1.08
BOTTOM 071 022 028 033 440 9153 1019 Q.16 074
MAX 071 022 028 033 4409153 1019 033 1.30




Water Quality Inpacts To The Boat Harbor And Ocean

While the 20 - 30 cofs seawater injection rates into the Kapahulu end of the Ala Wai
Canal will improve the water quality conditions within the canal and in the main
channel between the Ala Moana Bridge and the ocean entrance channel, there
would be only small change in the water quality conditions in the Ala Wai Boat
Harbor vessel mooring areas. For example, the existing chlorophyll concentrations
at a representative harbor location vary from 5.5 - 0.9 ng/l1 from the top to bottom
layers, respectively, and the 20 cfs seawater flushing water inflow rate will change

- these values to 3.5 - 0.9 pg/1 from the top to bottom layers, respectively. In general,

the water quality of the bottom layers of the Ala Wai Boat Harbor is controlled by
the circulation of the more dense ocean water, while the surface layer is controlled
by the less dense Ala Wai Canal waters. Consequently, improvements in the canal
water quality only affects the upper layers of the Ala Wai Boat Harbor waters. In
general, improvements in the Ala Wai Canal water quality improves the water
quality in the upper layers of the waters in the Ala Wai Boat Harbor.

The discharge of the waters from the Ala Wai Canal into the nearshore ocean
receiving waters through the entrance channel to the Ala Waj Boat Harbor will
provide an improvement over existing conditions when flushing seawater is
injected into the Kapahulu end of the canal. In the present situation as represented
by the Base Case, the maximum chlorophyll concentration at the ocean end of the
Ala Wai Canal near the Ala Moana Bridge is about 12 pg/l in the surface layer.
When a 20 cfs seawater inflow rate is provided, the surface layer chlorophyll
concentration is reduced to about 3.5 ug/1 at this same location. Thus, the clarity of
the discharging flow into the ocean recelving waters would be better when flushing
water is provided. At the Ala Moana Bridge location, the 12 and 3.5 pg/l
concentrations convert to Secchi Disk depths of approximately 9.4 and 11.8 ft

respectively.

Under ordinary conditions, dissolved nutrient levels within the discharging waters
will be higher than present conditions because less opportunity will be provided for
phytoplankton growth to uptake the nutrients. No biological consequences due to
this added nutrient discharge are anticipated because the large volume of ocean
receiving waters is easily able to assimilate the additional nutrient load

During significant storm water discharge events, the flushing seawater inflow will
have essentially no effect on the existing turbidity and water clarity of the discharges
into the ocean receiving waters.

Hydrology/Hydraulics

Hydraulic Capacity. The existing bathymetry of the Ala Wai Canal has insufficient
capacity to handle the 100-year peak discharge flow of about 28,900 cfs due to rainfall
runoff. At present, without maintenance dredging of the sill area between the
McCully Bridge and the confluence of the Manoa-Palolo Stream, the carrying
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capacity of the canal is about 12,700 cfs based on the average height of the makai
bank of the canal. Even with the dredging of the sill area to —10 ft MLLW, the
carrying capacity of the canal is not greatly improved since the flow capacity is
restricted by the narrow width of the channel between the McCully Bridge and the
Ala Moana Bridge. Preliminary analysis indicates that the Ala Wai Canal would
need to be dredged to about —20 ft MLLW in order to handle the 100-year peak flow
discharge.

The proposed flushing seawater systems will have minimal circulation flow
influence during any significant rainfall runoff discharges into the Ala Wai Canal.
The 20 - 30 cfs is an insignificant additional flow when compared to even small
rainfall runoff events which vary annually from typically 100 cfs to 4,000 cfs. The
present suspended solids material which inflows into the canal due to storm water
runoff, and which does not deposit in the canal, produces significant turbidity and
poor water clarity both in the canal and in the Ala Wai Boat Harbor, and in the
nearshore receiving ocean waters. This situation would not be changed by the
addition of the minuscule 20 - 30 cfs flushing seawater inflow.

Discharge Manifold Velocity. For either flushing systems, the discharge waters from
the diffuser system across the Kapahulu end of the canal, would be designed to have
a discharge exit flow velocity of about 4 ft/sec. This flow velocity would quickly
dissipate (within about 25 - 50 ft from the diffuser) and the mean speed averaged
across the cross-section would be imperceptible as described previously. The 4 ft/sec
velocity is about equivalent to the discharge velocity from a typical 3/4 inch
diameter water hose with the spigot fully opened, and consequently will not
provide any danger to people or to vessel navigation.

Mean Water Velocity. The physical injection of 20 - 30 cfs seawater at the Kapahulu
end of the canal will have an insignificant effect on the mean water velocities in the
canal. In the area between the McCully Bridge and the Kapahulu end of the canal
where most of the canoe racing is performed, typical mean water speeds due to the
maximum 30 c¢fs seawater inflow, increases by only 0.016 - 0.046 ft/sec (0.011 - 0.032
miles/hour). The maximum speed increases are in the area of the Sill due to the
reduced cross-sectional area. These water current speed changes would essentially
be imperceptible to the recreational users of the canal. To place this current flow
change in perspective, the maximum mean current flow speed increase of 0.032
miles per hour in the Sill area would be equivalent to the effects of a 1 mile per
hour wind velocity blowing on the water surface.

Air Quality
Deep groundwater drawn from the test wells may produce unpleasant odors due to

degassing of ammonia and sulfide. This would indicate that the water is unsuitable
for use in the canal, and the testing would be terminated.




There will be unavoidable short term construction emissions from cranes and
heavy equipment which will be mitigated to the extent possible. Suppression
measures for fugitive dust will be employed for any surface earth-disturbing

activities.
Energy Usage

The amount of electricity needed to operate the pump for the pipeline was
calculated in preparing the cost estimates. For 20 cfs (9000 gpm), 36 kW is required,
or 864 kW of electricity per day. 30 cfs would require an additional 50 percent or 54
kW (1296 kW per day). The amounts were not calculated for the deep groundwater
well system but could be expected to be comparable.

Land Use and Visual Impacts

Improvements to water quality in the Ala Wai Canal are an essential component of
the Waikiki Master Plan prepared by the Department of General Planning of the
City and County of Honolulu. One recommendation is to create a boat turning basin
at the Kapahulu end of the Ala Wai Canal by incorporating a semi-circular
waterway extension on the mauka end of the canal. This Master Plan concept is
compatible with the conceptual design of the diffuser discharge system. The
discharge system can easily incorporate such changes in configuration of the canal
end section, while still performing its technical function. In this situation, the
diffuser system would extend into the semi-circular turning basin, but located along
the Kapahulu edge to minimize interference with vessel navigation. It is also
possible to incorporate water fountains into the discharge system, which would
promote both mixing and aeration of the injected water.

Historic/Archaeological Resources

The Ala Wai Canal has been placed on the Hawaii Register of Historic Places and
may be nominated to the National Register of Historic Places. Neither the proposed
deep groundwater well supply system or the submerged pipeline laid in the canal to
provide flushing waters at the Kapahulu end of the canal will significantly impact
the structural characteristics and features of the canal, particularly the mauka and
makai banks of the canal. At most, a small portion of the mauka bank would need
to be excavated in order to construct the underwater diffuser system pipeline for the
deep groundwater well system, or for the assembly and deployment of the discharge
pipeline for the submerged pipeline system laid in the canal, and upon completion
of this construction, the bank would be re-built to its original design. Thus, no
impacts on the historic canal structure are envisioned.




Social Impacts

Social impacts from the proposed improvements should be generally beneficial.
Both passive and active recreational activities will benefit from the improved clarity
and odor of the canal waters. Those who enjoy canoeing, kayaking, and fishing will
benefit directly from the improvements along with the walkers and joggers. There
will be general benefit to residents of and visitors to Waikiki.

Well drilling may temporarily disturb activities at the Ala Wai Golf Course. Wells
are proposed to be placed adjacent to the 18th fairway. The well housings are not
large and should not interfere with golf course play. If there is a problem, one or
two of the wells could be shifted to the parking lot.

If the pipeline alternative is chosen there will be temporary inconvenience to users
of the park and/or the Ala Wai Golf Course on the mauka side of the canal. This is
the logical area to store, assemble and deploy the pipeline. However, the high
density of apartments, commercial and resort areas on the makai side would make
the construction, deployment and maintenance operations more difficult and create
an even greater nuisance.

Impacts Specific to the Deep Groundwater Well Supply System

Drilling Effects. As part of the feasibility evaluations of the deep groundwater well
system to provide saline water for flushing of the Ala Wai Canal, the subsurface
geologic strata on the mauka side at the east end of the canal was evaluated. The
basis for an optimistic view of this concept is associated with the interpretation of
the available deep drilled well data which show the potential for an impermeable
layer (aquitard) to exist, which would restrict groundwater through-flow. The
boring logs indicate this aquitard, comprised of a later-stage volcanic layer, underlies
the entire east end of the canal and is located at depths of 80 to 120 ft below the
ground surface with thicknesses of typically 50 to 80 ft. If this is the case, then the
aquitard would provide effective vertical hydraulic separation between the pumped
saline waters and the brackish groundwater. The saline in-flowing waters which
make-up for the withdrawn waters would flow horizontally within the lower coral
layers. The aquitard would also minimize dewatering of the surficial lagoonal
deposits and thereby prevent any localized subsidence which could cause damage to

structures and property.

The potential for subsidence due to dewatering and its effect on structures will also
be minimized since the deep groundwater wells are proposed to be located on the
Ala Wai Golf Course, and would be situated away from major building structures.

In addition, a calcareous mud layer also appears below the later-stage volcanic layer
which could also function as an aquitard. On the Ewa Plain, a widespread calcareous
mud layer at depth is currently being utilized as an aquitard, providing hydraulic
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separation of the overlying coral aquifer which is being used as a source of supply
water, from an underlying coral aquifer which is used for disposal.

The proposed deep groundwater wells would be withdrawing water from an aquifer
which is hardly used, and none of its uses occurs at the depth of pumpage proposed
herein. Consequently, the proposed groundwater well supply system should not
adversely affect any existing groundwater wells, whether potable or irrigation water.

The option to utilize a deep groundwater well system to supply flushing water for
the Ala Wai Canal will need to be further evaluated through a Prototype Production
Well Drilling And Evaluation Program. In addition to the drilling and testing of
the prototype production well, four smaller diameter boreholes will also be drilled
to depths of about 250 feet in order to confirm the subsurface geologic strata of the
entire proposed groundwater source area at the Ala Wai Golf Course.

The objectives of this test program are to confirm the existence of the aquitard layer,
test and insure that adequate flow rates can be produced without adverse effects, and
verify the adequate water quality of the expected saline groundwater. Should any of
the test results and evaluations indicate that this concept is not feasible based on the
above-described criteria, then it is recommended that the alternate submerged
pipeline system in the Ala Wai Canal be considered.

In addition, to confirm and ensure that the proposed groundwater sources have the
necessary and required water quality to serve as flushing waters for the canal, both
water quality and toxicity tests will be performed. Water quality monitoring for the
test well will consist of the periodic collection and analysis of water samples for
constituents which are included in Hawaii Water Quality Standards, other
parameters of potential impact to biological responses, and potentially heavy toxic

metals.

Noise. There would be some noise generated during the drilling of the deep
groundwater wells, installation of the well casings and pumps, construction of the
interconnecting underground pipelines, construction of the aeration system, and
deployment of the diffuser system across the canal width. The construction
generated noise would be temporary, and since the entire system is expected to be
constructed in open area, away from building structures, the construction noise

impacts are expected to be minimal.

During operations, some noise is expected from the well and aeration pumps, but
these pump noise levels would be reduced by acoustic containment in order to meet
Department of Health noise regulations.

Dredging. As part of the deep groundwater well supply system construction, the
Kapahulu end of the Ala Wai Canal should be dredged to —6 ft MSL to provide a
smooth transition for the discharging flushing waters. This dredging was a
proposed option during the design of the 1977-1978 maintenance dredging project,
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but due to lack of funds was not implemented. It is recommended that during the
next maintenance dredging of the Ala Wai Canal, the Kapahulu end of the canal
also be dredged. If this is not performed as part of the maintenance dredging for the
canal, then the dredging of the Kapahulu end of the canal would be performed
during the construction of the deep groundwater well supply system.

It is estimated that about 5,000 yd3 of material would be dredged from the last 400 ft
of the canal. Due to the small volume of material, it is likely that land disposal of
the dredged spoil would be more cost-effective than ocean disposal. The expected
dredging activities would include the hydraulic dredging and pumping to a de-
watering site either at the contractor’s work area or in an isolated part of the canal.
After sufficient de-watering to facilitate handling, the spoil would be loaded into
trucks for transport to the landfill site. Potential environmental impacts include
odor problems in the de-watering area, visual and noise effects, traffic interference
due to truck traffic, and the use of landfill capacity which is a scarce commodity on
Oahu. Between the end of the Ala Wai Canal and Kapahulu Avenue are located the
Library for the Blind & Physically Handicapped and the Waikiki-Kapahulu Public
Library. Noise levels in these areas will meet Department of Health noise
regulations. The Thomas Jefferson Elementary School is located across the Ala Wai
Boulevard and the Diamond Head School is located across Kapahulu Avenue.
These two schools should not be affected by the dredging activities. The estimated
time period for this dredging activity is about 2 weeks.

The construction of the diffuser discharge system across the Kapahulu end of the
Ala Wai Canal will impact the existing benthic community structure. Since the Ala
Wai Canal waters and bottom are already highly impacted by storm water discharges
with their attendant sedimentary loads, debris, and trash which deposits on the
entire canal bottom, the impact of the diffuser system construction will be

insignificant.
Impacts Specific to the Submerged Pipeline System in the Ala Wai Canal

The proposed submerged pipeline system to discharge flushing seawater at the
Kapahulu end of the Ala Wai Canal consists of an intake structure located at a
bottom depth of about 40 ft; 4,000 ft of 40 inch diameter high density polyethylene
(HDPE) suction pipeline laid on the ocean bottom; a submerged 3-pump station
adjacent to Magic Island with the top of the station 2 ft below the water surface; a
12,500 ft long, 42 inch diameter HDPE discharge pipeline extending from the
submerged pump station to the Kapahulu end of the canal, which is typically
partially puried and routed on the mauka side of the canal near the mauka bank;
and an 80 ft long, 28 inch diameter HDPE pipeline discharge manifold located
laterally across the width at the Kapahulu end of the canal, placed on the bottom
and secured with concrete collar weights.

Intake Structure And Pipeline. The intake structure will be placed on the west side
of the Ala Wai Boat Harbor entrance channel. Two intake suction manifolds
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consisting of 36 inch diameter pipe sections will be elevated between 9 - 15 ft off the
bottom in order to minimize the entrainment of bottom sand. A total of 360 3-inch
diameter holes will be drilled into each suction manifold, yielding maximum (at 30
cfs inflow) intake velocities of less than 1 ft/sec. This maximum intake velocity
together with the horizontal intake flow direction will minimize the suction of
marine life and ensure that there would be no danger to divers. It is known that
fish are sensitive to horizontal velocities and can sense and escape from this flow.
But they are insensitive to vertical velocities and can easily be sucked into an intake
if the intake flow was directed downward.

The highest point of the intake manifold structure would be about 25 ft below the
surface, which is much deeper than the maximum draft of vessels that navigate in
the area and into the Ala Wai Boat Harbor, and thus poses no danger to vessel

navigation.

Both field measurements and analysis indicate that short-circuiting of the intake
water with the exiting Ala Wai Canal and Boat Harbor waters would not be a
problem. The flow layers are stratified in the area of the intake structure, with
seawater comprising a major part of the lower water column and the less dense
canal and harbor waters confined to the upper surface layers.

The intake manifold structure and the suction pipeline will be supported by hold
down brackets which will elevate the bottom of the pipeline about 1 -2 ft off the
ocean bottom with 2 minimum clearance of 10 - 14 inches. The hold down brackets
will be the only structure attached to the bottom, with 1-1/4 inch diameter holes
drilled about 12 inches into the bottom and secured with 1 inch diameter grouted
bolts (all thread rod) to firmly attach the hold down brackets to the ocean floor. A
total of 360 hold down brackets will be used over the 4,000 ft of suction pipeline and
it is estimated that 45 days of work by a two-man dive team will be required to
install all the brackets. Thus, the impact to the marine benthic community will be
minimal since the cumulative foot print of the hold down brackets on the ocean
bottom is very small. Moreover, the navigation channel bottom area is a highly
impacted zone, being originally constructed by dredging and influenced by
significant vessel traffic. Thus, the impacts to both the benthic and reef fish
community will be minimal.

The intake structure and suction pipeline system have been designed to withstand
the 100-year design hurricane wave event. Consequently, it is expected that anchors
deployed from the typical types of vessels that navigate in the area, should they snag
onto the intake structure or pipeline, will not cause any damage to these systems.

Submerged Pump Station. The proposed location of the submerged pump station
has been selected after a diving and nearshore reconnaissance survey. In order to
decrease the installation costs and facilities maintenance operations, the selected site
is close to the primary electrical power lines (located at Ala Moana Park, near the
corner of Ala Moana Boulevard and Ala Moana Park Drive), with a consequent least
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cost for running the 3-phase power lines to the pumps. In addition, the
predominant soil conditions at the proposed location are mainly coral and rubble
which can be easily removed for installation of the pump station, instead of solid
rock formations found towards the exit of the navigation channel, near the end of
Magic Island. Moreover, access for cranes and heavy equipment to maintain and
service the pumps becomes more available as the pump station is located closer to
the main road.

The design of the subsurface pump station will minimize both the visual impacts to
the Magic Island area and considerably reduce and minimize the noise associated
with pump operations.

The submerged pump station has been designed to incorporate 3 identical pumps.
One pump would supply the nomina! 20 cfs flow rate and, if necessary, a second
pump could be iritiated which would provide a nominal 30 cfs of seawater inflow.
The third pump has been provided as a backup pump and would also be used when
other pumps are being maintained and serviced. This pump redundancy provides
assurance that the flushing system will provide continuous service. It is expected
that a once-per-year maintenance program will be required for each operating
pump, and major overhaul is envisioned every 4 years of operation.

Discharge Pipeline. The 12,500 ft long discharge pipeline will convey water from the
submerged pump station to the discharge manifold at the Kapahulu end of the
canal. The proposed route of the pipeline is on the mauka side of the canal, located
between 15 - 35 ft from the mauka bank, and will typically be partially buried or
simply laid on the bottom in order to minimize the risk of undermining the
existing mauka wall, and to reduce dredging costs.

The proposed discharge pipeline route will not interfere with the existing utility
crossings that are buried in the canal (electric power conduits and sewer siphons).
Moreover, the flushing water pipeline will not be affected by future maintenance
dredging of the canal, which in the past has been confired to the central area starting
at about 40 ft from either side walls. This dredging design was implemented to
minimize the possibility of undermining the mauka and makai bank walls.

Concrete weights, 1 ton wet weight, typically spaced about 16 ft apart, are attached to
the discharge pipeline to insure that the pipeline partially sinks into the bottom soil
and to provide stability along the natural bottom slopes. In the areas where the
pipeline is completely buried, the concrete anchor weights are spaced at 8 ft
intervals. The design also provides for the future moving of sections of the pipeline,
where flanged ends have been periodically incorporated. This allows pipe sections
to be capped, floated by filling with air, and moved to 2 new location and submerged
again. The concrete weights attached to the pipeline only represent about 20 - 25% of
the total buoyancy of the pipe when filled with air.
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To minimize the visual impacts, the discharge pipeline will be constructed so that
the minimum depth from the water surface to the top of the pipeline is 3 ft, with a
minimum clearance of 2.5 ft between the top of the concrete weights and the water
surface. While the pipeline can probably be seen from the mauka bank, it would
generally be unseen from other locations, particularly from the makai wall.

When the discharge pipeline crosses the Manoa-Palolo and Makiki Stream outlets,
the pipeline will be buried such that the top of the pipeline is a minimum of -13 ft
MLLW. This allows for maintenance dredging of these areas to depths of -10 ft
MLLW. In the area between the Ala Moana Bridge and the submerged pump
station, crossing the navigation channel, the discharge pipeline will be buried about

3 ft below the bottom.

Dredging for the Discharge Pipeline. Significant dredging will be required to
partially and fully bury the discharge pipeline. It is estimated that about 50,000 yd3 of
sedimentary material would need to be removed. Based on this dredged spoil
volume, the most likely scenario for disposal would be ocean disposal at the
Environmental Protection Agency (EPA) designated site located about 5 miles from
the Ala Wai Boat Harbor. The EPA disposal area is described by a circle, with a
radius of 1,000 yds and a center point located at 21°14'19" North Latitude and

157°54'20" West Longitude.

The envisioned dredging operations would involve hydraulic suction dredging,
where a rotating cutting head would dislodge the bottom sediments and create a
water-sediment slurry which would be drawn into the suction line thereby reducing
water turbidity impacts. Due to the low vertical clearances and small horizontal
widths associated with the various bridge structures that cross the canal, it is not
possible to use barges to transport the dredged spoil from the dredging site to the
ocean disposal site. Thus, as performed during past maintenance dredging
operations, a pump (8-10 inch) located on a floating barge would discharge the slurry
through a long pressure pipe (10 - 12 inches diameter) into a hopper barge located at
a temporary mooring in the Ala Wai Boat Harbor adjacent to Magic Island. Due to
the length of this floating discharge pipeline, booster pumps may be required.

The shurry would be pumped directly into the hopper barge and silt curtains would
be installed around the barge to mitigate and control any excessive spillage of slurry
water into the Harbor. The dredged spoil loaded barges would be towed by tugboats
to the designated EPA disposal site for disposal.

Based on past maintenance dredging projects, it is expected that large-size objects (car
bodies, sofas, beds, refrigerators, trees, etc.) which are not able to pass through the
slurry handling system would need to be removed by other means such as cranes.
These large objects would need to be temporarily placed in the contractor’s work
area, de-watered if necessary, and transported to a landfill for disposal. There is the
potential that odor problems would occur due to this temporary storage and de-
watering of large objects, as well as visual impacts. The envisioned contractor’s
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work area would be between Ala Wai Elementary School and the Ala Wai Canal
and the Manoa-Palolo Stream. The contractor’s work area will be fenced off during
the construction period for security and safety reasons. Noise levels during the
dredging operations will meet Department of Health noise regulations. The

estimated dredging period is about 5 - 6 months.

Discharge Manifold. The discharge manifold located at the Kapahulu end of the
canal will evenly distribute seawater across the canal width. The manifold has been
designed as a simple L shape consisting of a 28-inch HDPE pipe sitting on or near the
bottom. Concrete weights have been distributed along the discharge manifold to
keep it in place. A total of 32 5.5-inch diameter holes, located 60° from the
horizontal plane passing through the pipe centerline, are equally spaced along the
manifold to evenly distribute flow and to reduce the flow velocity. The discharge
manifold is made out of two 40-ft long sections of pipe flanged together to facilitate
maintenance operations. The pipe and concrete weights will be placed in a water
depth of 6 ft to provide minimum clearance between the pipe and water surface of 3
ft, and 2.5 ft clearance between the top of the concrete weights and the surface. These
clearances will minimize interference with existing boat traffic, canoe racing, and

kayaking activities.

Economic Impacts

The seawater well option and the use of a pipeline as a seawater source system have
been standardized in order to provide a basis for cost comparison. The seawater well
option has been evaluated based on five 200 foot deep wells (130 feet of 18-inch solid
casing grouted in-place and 70 feet of open hole), each well delivering 2,500 gpm,
spaced nominally 200 feet apart. The following describes the estimated construction
and operation and maintenance costs for the proposed seawater supply wells where
all costs are in 1992 dollars.

Groundwater Well System:

Engineering Design And Permitting Costs $475,000
Construction Costs $2,125,000
Subtotal $2,770,000

Contingency 20% $554,000

Total Estimated Engineering & Construction Cost $3,324,000
Estimated Annual Operating & Maintenance Costs $190,000

The capital and operational costs of the pipeline system are shown below where all
costs are in 1992 dollars. The cost of dredging the estimated 5,000 yd3 of bottom
sediments from the Kapahulu end of the canal for the placement of the discharge
manifold and to provide a smooth transition for the outflow waters is not included.
It is recommended that this dredging of the Kapahulu end of the canal be performed
as part of the next maintenance dredging project. Should this dredging not be
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performed, then the dredging costs must be added to the selected flushing system
construction costs.

Pipeline System:

Engineering Design And Permitting Costs $490,500
Construction Costs $6,876,000
Less 5,000 yd3 Of Dredging @ $34/yd? . <$170,000>
Subtotal $7,196,500

Contingency 15% $1,079,500

Total Estimated Engineering & Construction Cost $8,276,000
Estimated Annual Operating & Maintenance Costs $71,500

Construction of either of the proposed systems will have a beneficial impact on
construction employment. According to the Department of Business and Economic
Development & Tourism, there was one direct construction job for each $115,000
worth of construction in place in 1992. The multiplier for construction is 1.4, that is,
each new construction job is expected to result in 1.4 additional jobs. For example,
$10 million in construction expenditures should result in approximately 87
additional construction jobs being created, plus 122 jobs in other fields fora total of
209 jobs. This projection is based on the annual level of construction expenditures,
the percentage of labor content and the current hourly wage of a construction

waorker.

Using these assumptions, the expenditure of $3.3 million for the deep water wells
would provide 29 construction jobs and 40 additional jobs. The expenditure of $8.3
million for the submerged pipeline would provide 72 construction jobs and 101
additional jobs. It should be noted that some of the jobs could be the result of
employment shifts rather than new employment.

Relationship to EIS Significance Criteria

Chapter 200 (Environmental Impact Statement Rules) of Title 11 Administrative
Rules of the State Department of Health specifies criteria for determining if an
action may have a significant effect on the environment. The relationship of the
proposed project to these criteria is as follows:

(1) Involves an irrevocable commitment to loss or destruction of any natural or
cultural resource;

The project does not involve an irrevocable commitment of resources beyond
the materials used in construction of the wells and/or pipeline. Pumping from the
wells or through the pipeline can be stopped at any time.




———

() Curtails the range of beneficial uses of the environment;

The project as proposed will expand beneficial uses of the environment by
creating a more pleasant area for recreation.

(3) Conflicts with the state’s long-term environmental policies or goals and
guidelines as expressed in Chapter 344, Hawaii Revised Statutes, and any
revisions thereof and amendments thereto, court decisions or executive orders;

The project does not conflict with long-term state environmental policies or
goals.

(4) Substantially affects the economic or social welfare of the community or state;

The project will support the improvements to Waikiki and adjacent areas
proposed in the Waikiki Master Plan and enhance the economic and social welfare
of the community.

(5) Substantially affects public health;

Improvements to water quality in the canal should be generally beneficially to
public health.

(6) Involves substantial secondary impacts, such as population changes or effects
on public facilities;

The project does not involve substantial secondary impacts such as population
changes or effects on public facilities. Increased recreational use of the canal is
anticipated, but there should be no significant impacts on water, sewer,
transportation or other infrastructure systems.

(7) Involves a substantial degradation of environmental quality;

Adverse environmental impacts will be minor and limited to the construction
phase. Overall environmental quality will improve.

(8) Is individually limited but cumulatively has considerable effect upon the
environment or involves a commitment for larger actions;

The project will have a considerable effect on the environment of the Ala Wai
Canal. Although the proposed projects to improve water quality in themselves do
not result in a commitment to larger actions, it is expected that there will be a strong
public demand for additional clean-up and continued maintenance measures to
preserve water quality, once attained. Improved water quality will also provide an
impetus for implementation of proposals in the Waikiki Master Plan such as the
construction of a boat turning basin and floating walkways.
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(9)  Substantially affects a rare, threatened or endangered species, or its habitat;

No rare, threatened, or endangered species (plant or animal) will be affected by
the project.

(10 Detrimentally affects air or water quality or ambient noise levels;

Noise and dust are unavoidable short-term consequences of construction but

can be mitigated through strict adherence to public health regulations governing air

pollution and noise. Impacts on air quality will be short-term and should not result
in a violation of standards.

Dredging for construction will temporarily adversely impact water quality. In
the long term water quality will improve, ‘

(11) Affects an environmentally sensitive area such as a flood plain, tsunami Zone,
erosion-prone area, geologically hazardous land, estuary, fresh water, or coastal

waters.

_ The Ala Wai Canal meets the definition of an environmentally sensitive area.
The project is intended to improve water quality. It is consistent with existing and

proposed land use regulations for the area.




CHAPTER 4
ALTERNATIVES TO THE PROPOSED ACTION

Project Alternatives

Once the 2-D mode! verification and calibration processes were completed, the
model was used to evaluate design options to improve the water quality in the
canal. The design options included injecting either flushing seawater or
groundwater into the Kapahulu end of the canal; connecting the Kapahulu end of
the canal to Waikiki Beach using a covered channel; and various dredging options
to improve circulation in the existing canal. The criteria for evaluating the
technical feasibility of any of the tested design options was whether the chlorophyll
concentrations were about 5 ug/l with a maximum value of 10 pg/l. For any

30 cfs (13,500 gpm) seawater into the Kapahulu end of the Ala Wai Canal to meet the
chlorophyll concentration objective.

Based on the results from the extensive computer model runs, the only options
which proved to be technically feasible to warrant further feasibility analysis and
conceptual design evaluations were the following:

O A submerged pipeline system which would intake OcCean seawater in the
entrance channel of the Ala Wai Boat Harbor in a water depth of about 40 feet
with a submerged pump station located adjacent to Magic Island.

O A “non-trenched” buried pipeline which would be constructed using existing

directional drilling technology to drill and install an underground pipe from
the Kapahulu end of the canal to a location off Waikiki Beach, with the intake

point located in a water depth of about 40 feet.

<O A deep groundwater well system, located on the Ala Wai Golf Course, which
would extract groundwater of approximately seawater salinity.

The deep groundwater well System and the submerged pipeline system have been
described in Chapter 1. Makaj Ocean Engineering, Inc. (MOE) provided the

drilled underground pipeline system with an intake off Waikiki Beach. The “non-
trenched” buried pipeline which would be constructed using existing directional

drilling technology is decribed below.
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The directional drilling pipeline alternative utilizes earth boring-trenchless
technology to install an underground pipeline from a pump station at the Kapahulu
end of the Ala Wai Canal to a location off Waikiki Beach, with the ground breaking
point and intake located at a water depth of about 40 feet. The drilled hole would be
about 7,000 feet long and the installed suction pipeline would be about 40 to 42

inches in diameter.

The earth-boring technology that offers the best opportunity to construct the
trenchless underground pipeline is Directionally Controlled Horizontal Drilling
(commonly referred to as directional slant drilling). This methodology is a two step
process. The first part of the process consists of drilling a directionally controlled
pilot hole, approximately 3 inches in diameter. The second phase involves the
enlargement of the pilot hole to the desired diameter by reaming. The required
pipeline is then installed in the hole using a “pull back” operation. Figure 4-1
schematically illustrates the directional drilling methodology.

Directionally controlled horizontal drilling uses slanted rigs with shafts which
typically start at a depression angle of 10° to 20° from the horizontal. The shaft is
guided in both azimuth and tilt angles, runs horizontally, and finally curves
upward to break through the ground. The directional drilling method was
originally developed in the U.S. in the early 1970s and uses mainly technology
developed in the oil industry for vertical drills. This method is now commonly
used for crossing under natural or manmade obstacles, especially river crossings.
This method has revolutionized complicated river crossings for pipelines which
were initially done by conventional dredging methods or were rerouted through

long distances and crossed over at a bridge location.

The progress and location of ‘the pilot hole is monitored by a specially designed
sensor system. An instrumentation system located near the cutting head records the
exact position, inclination and orientation of the drill head by measuring compass
heading, tilt and relative rotational angle. This information is then transmitted
through a wire to the surface where a computer collects and interprets the data. The
direction of the cutting head can be continually adjusted to follow the designed

underground route.

A total of 10 construction companies in the field of directional horizontal drilling

were contacted to assess the feasibility of using slant drilling technology to construct
a pipeline to flush the Ala Wai Canal. A brief summary of the information
collected as well as advantages and disadvantages of using directional drilling

methodology are provided below:

<O All the companies but one agreed that a 6,000 to 7,000 foot long hole for a 42
inch pipe was beyond the current state-of-the-art. Currently, the longest hole
ever drilled is 5,400 foot long, but this was done for a 16 inch pipeline.
Recently, a 4,500 foot long hole for a 42 inch pipe was successfully completed.
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O Due to the length of the pipeline proposed for the Ala Wai project, a heavy
steel pipe is the most likely candidate to be used as the pipeline material. This
pipe would have to be protected against corrosion to extend its life.

The following provides a summary of the capital and operational costs of the
directionally drilled pipeline system based on 1992 dollars.

Engineering Design And Permitting Costs $486,000
Construction Costs 22 00
Subtotal $23,399,000

Contingency 20% $4,680,000

Total Estimated Engineering & Construction Cost $28,079,000
Estimated Annual Operating & Maintenance Costs $55,000

These estimated construction costs for the directionally drilled pipeline indicate that
even under favorable soil conditions and assuming that bentonite cah be used as a
drilling fluid, this alternative is much more expensive than the alternative
involving laying a pipe along the Ala Wai Canal. The following table provides a
summary cost comparison of the three flushing seawater supply alternatives:

Alternative Description Cost
Submerged Pipeline System Laid In The AWC
Estimated Construction Cost $ 8,471,500
Estimated Annual Operating & Maintenance Cost $ 71,500
Directionally Drilled Pipeline System
Estimated Construction Cost $ 28,079,000
Estimated Annual Operating & Maintenance Cost $ 55,000
Deep Groundwater Well Supply System
Estimated Construction Cost $ 3,324,000
Estimated Annual Operating & Maintenance Cost $ 190,000

In addition to higher costs, the directionally drilled pipeline alternative has a high
risk factor. The 7,000 ft long hole, which would be drilled to a large diameter for
installation of a 40 to 42 inch diameter steel pipeline, is basically beyond the current
state-of-the-art. If constructed, this pipeline would be the longest and largest
diameter hole drilled in the world, using directional drilling technology.

There are two significant risks associated with the directionally drilled pipeline
concept. These are:

O The quality of the subsurface soil along the drilling path is not known in detail.
The presence of unconsolidated, non self-supporting soils along the drill route
would considerably increase the risk and cost of the drilling operations.
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This job was completed in well consolidated and relatively soft soils (sand, silt
and clay) which are optimum for slant drilling. The company which completed
this job, Cherrington Corporation, was the only company who felt that they
could drill up to a 7,000 foot long hole for a 42 inch pipe if the soil conditions
were appropriate. Although information on the geology of the Waikiki area
was provided to a total of five drilling companies that initially showed interest
in drilling a 6,000 to 7,000 foot long hole, only Cherrington Corporation
submitted a preliminary budget for the Ala Wai Project.

All the companies agreed that the main risk associated with drilling a long hole
is related to the quality of the subsurface soil along the drilling path. If pockets
of unconsolidated materials are found along the drilled path, it is possible that
soil may fall and clog the already drilled hole (“cave in” phenomenon). One
solution to this problem is to pump concrete into these pockets of
unconsolidated materials to minimize the risk of cave in. The presence of
pockets of non self-supporting soils would increase substantially the cost of the
unreasonable to expect that some of these pockets would be encountered along
the drilling path, and therefore increase the risk and price of the drilling

operation.

A second concern expressed by the drilling companies was the fact that
bentonite drilling mud might not be allowed in this operation due to
environmental concerns that the fluid may leak into the ocean waters. Recent
experience with horizontal drilling at Keahole, Hawaii revealed that the use of
bentonite was prohibited by the U.S. Army Corp of Engineers since the coastal
waters at Keahole were classified as Class AA. Although the waters off Waikiki
are classified as Class A, and therefore have less environmental restrictions
than the waters off Keahole, it is not known at this point if the use of bentonite
drilling mud would be allowed. If bentonite were not allowed in Waikiki, the
risks and cost of the drilling project would increase even further since friction
resistance would build up considerably faster with other drilling fluids than
with the use of bentonite.

The land area required for the drilling operation to take place varies with the
type of rig and the size of the job. Land areas between 1/4 acre (for small rigs)
up to 1 acre (for larger rigs) were requested by the contractor companies. For the
length and size of the hole desired, an area close to one acre would be required.
Currently, there is no such area available at the end of the Ala Wai Canal. An
alternative would be to use part of the Jefferson School grounds or one end of
the Honolulu Zoo (Figure 4-2) to set up the rig. Then an open trench
excavation would be required to connect the drilled hole with the Ala Wai
Canal. An additional constraint in the location of the drilling rig is that it is
difficult to drill on a horizontal curve with this large diameter pipe, therefore,
the drilling path must be as close as possible to a straight line.
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O There is the potential that bentonite mud drilling fluid would not be allowed
in the drilling operations due to environmental concerns and fear that the
fluid may leak into the nearshore waters of Waikiki Beach. The use of a more
“environmentally acceptable” drilling fluid would increase the risks and costs

of the operations.

For these reasons, the drilling alternative was not pursued.

No Action Altemative

If the proposed project is not implemented, water quality in the Ala Wai Canal will
continue to be poor. The planned dredging will enlarge the canal’s capadty but it
will not improve water quality. Because of the greater depths and less opportunity
for tidal flushing, water quality may deteriorate further after dredging-takes place.
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. If the proposed project is not implemented, water quality in the Ala Wai Canal will

g O There is the potential that bentonite mud drilling fluid would not be allowed
in the drilling operations due to environmental concerns and fear that the
- fluid may leak into the nearshore waters of Waikiki Beach. The use of a more

’ “environmentally acceptable” drilling fluid would increase the risks and costs

. of the operations.

For these reasons, the drilling alternative was not pursued. :

No Action Alternative

continue to be poor. The planned dredging will enlarge the canal’s capacity but it i
will not improve water quality. Because of the greater depths and less opportunity
for tidal flushing, water quality may deteriorate further after dredging-takes place.




CHAPTER 5

AGENCIES, ORGANIZATIONS AND
INDIVIDUALS CONSULTED

Consulted Parties
The following agencies and individuals have been consulted in the preparation of

the feasibility study and the draft environmental assessment. Comments received
during the review of the draft assessment will be addressed in the final document.

Member of the Ala Wai Cleanup Technical Committee:

Jacqueline Miller, Chair UH Environmental Center
Representative Duke Bainum State Legislature

Bruce Anderson Deputy Director, Environmental Health
Administration, Department of Health

Benjamin Lee Chief Planning Officer, City & County of

Honolulu
Maynard Hufschmidt Environment & Policy Program, East-West
Center
George Wilkins UH Hawaii Institute of Geophysics
Hans Krock UH Look Laboratory/OCEES Inc.
Eugene Dashiell Eugene Dashiell Planning Services
Edward Lau Department of Land and Natural
Resources

State Officials

State Historic Preservation Office
Dave Parsons, Harbors Division, State Department of Transportation

City Officials

Councilman Andy Mirikitani

City and County of Honolulu :
Walter Ozawa, Department of Parks and Recreation

Ken Radman , Honolulu Zoo
Gary Okino, Department of General Planning

Department of Public Works

O




Organizations and Individuals

Ear] Hinz, Ala Wai Advisory Committee

Rick Scudder, Conservation Council for Hawaii
Patricia Tummons, Environment Hawaii

Gilbert Chu, Hawaii Visitor Bureau

Burn Russell, Hawaii Yacht Club

Douglas Muller, Life of the Land

Clyde Morrell, Natural Resources Defense Council
Oahu Hawaii Canoe Racing Association

Martha Black, People’s Water Conference

Sierra Club Hawaii Chapter

Denise Antollina, Sierra Club Legal Defense Fund
Bill Hamm, TORCH

Christinna Krammer, Waikiki. Improvement Association

Preparers

The following firms were involved in the preparation of this environmental

assessment:

KRP Information Services
Edward K. Noda & Associates, Inc.
O. L. Consultants, Inc.




CHAPTER 6

COMMENTS AND RESPONSES TO THE
DRAFT ENVIRONMENTAL ASSESSMENT

The following agencies and individuals have submitted written comments. This is
followed by the written comments received and responses.
City Officials

City and County of Honolulu
Walter M. Ozawa, Director, Department of Parks and Recreation

Roland D. Libby, Jr., Acting Chief Planning Officer, Department of
General Planning

Organization and Individual

John Harrison, U.H. Environmental Center
David Kimo Frankel
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Mr. William W. Paty, Chairperson
Beard of Land and Natural Resources
State of Hawaii

1151 Punchbowl Street

Honolulu, Hawaii 96813

1
f: !-j‘:'
"I

Dear Mr. Paty:

We have received a copy of your Draft Environmental (DEA)
Assessment for the Ala Wai Canal Improvement Project. If you
prepare an Environmental Impact Statement, we would like to

be listed as a consulted party.

While we support your Department's efforts to improve the
water quality of the Ala Wai Canal, we have concerns about
how this project may impact our parks in the area. These

concerns ara:

Impacts Generated by the Deep Groundwater Well System

We have serious concerns that the proposed well system may
adversely impact our existing wells at the Ala Wai Golf
Course and at the Honolulu Zoc. We are also concerned that
the large amounts of water that you are planning to remove
may cause subsidence at the golf course or in other parts of

Waikiki.

The University of Hawaii's Environmental Center's letter of
September 30, 1592 raised raise saveral significant questions
that need to be completely addressed. Because of the complex

technical issues associated with this alternative, the Board
of Water Supply needs to be consulted prior to, any

declaration of negative impact.




Mr. William Paty
Page 2
December 22, 1992

Our Department also has several "non-technical" questions
about the way this project might impact the golf course and
other ongoing activities in the area. Will the new pump
system require the displacement of any ongoing activities?
what kind of aesthetic impacts will be associated with this
project? Will the pumpSs or the pumping station generate

noise or vibration?

Impacts cenerated by the submerged Pipeline System

Generally this alternative seems to involve less significant
environmental concerns for our Department. Our recreational
Canoe Council has expressed some concerns over the plans to
lay piping in the canal. The Council has reviewed the
drawings included in your EA and concluded that their
canoceing and kayaking activity will not be impacted by the
submerged piping alternative. However, we are concerned
about the risks that the piping might pose to their escort
boats and to their launching ramps.

In order to maximize the usable waters of the canal, the
Canoe Council has asked that you consider relocating the
submerged piping to the makai side of the canal. If this
will not be possible, the council has asked that you consider
locating the submerged piping as close to +he mauka bank as

possible.

Tt is essential for the recreational users of the canal to be
able to launch their kayaks and cances from the storage areas
on the mauka bank. Will the design and locaticn of the
submerged piping interfere with the existing ramps?

We understand that although you considered the possibility of
laying a directionally drilled pipeline, that alternative is
no longer under active consideration.

Finally, we also nocte that your Draft Maintenance Plan for
the Ala wai canal was not extensively discussed in the EA.
We assume that there will be a separate EA for the
Maintenance portion of the project.

As we stated earlier, we support your efforts to improve the

water quality in the Ala Wai Canal, however, we do need to be
certain that any actions that may be undertaken will not have
any serious unforseen negative environmental consequences.
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Mr. William W. Paty
Page 2
December 22, 1992

If you have any questions about our concerns, please call
John Morihara of our Advance Planning Branch at 523-4246.

Sincerely,

--' WALTER M. 0OZAWA, Director

WMO:el
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DEPARTMENT OF LAND AND NATURAL RESOURCES
£.0. BOX &1

REF:WL-LN HONOLULU. MAWAII 58809

APR 15 1863

Mr. Walter M. Ozawa, Director
Department of Parks and Recreation
City & County of Honolulu

650 South King Street, 10th Floor
Honolulu, Hawaii 96813

Dear Mr. Ozawa:

Draft Environmental Assessment

KEITH W. AHUE. Chaitperson

H0ARD OF LANG MDD MATURLAL READUSCES

CEruTIES

JOHN P, MEPPELER. 1l
OONA L. HAMAIKE

AQUACULTURE DEVELOPUENT
FROGAAM

AQUATIC ARSQURCES

COMAEAVATION AND
ENVIROHMENTAL ARELIAS

CONSLAVATION AND
AESOUACES ENFOACEMENT

COMYEYANCES

FORESTAY AND WILDLIFE

HISTORIC PRESERVATION

LAND MANAGUMENT

STATE PAMKY

WATER AND LAND OEVELOPUENT

For The Ala Wai Canal Improvement, Honolutu, Oahu, Hawaii

Thank you for your letter of December 22, 1992 regarding the subject project. Our

response to your comments is as follows:

Impacts of Deep Groundwater Well System

We share your concerns that a deep groundwater well system to provide saline
water for flushing of the Ala Wai Canal could adversely affect the existing wells at the Ala
Wai Golf Course and the Honolulu Zoo and could cause subsidence at the golf course and

other surrounding areas.

As part of the feasibility evaluations of the deep groundwater well system, the
subsurface geologic strata on the mauka side at the east end of the canal was evaluated.
Interpretation of the available deep drilled well data show the potential for an
impermeable layer (aquitard) to exist, which would restrict groundwater through-flow.
The boring logs indicate this aquitard is comprised of a later-stage volcanic layer and
underlies the entire east end of the canal. [t is located at depths of 80 to 120 ft below
the ground surface with thicknesses of typically 50 to 80 ft. If this is the case, then the
aquitard would provide effective vertical hydraulic separation between the deep pumped
saline waters and the near-surface brackish groundwater. The saline in-flowing waters
which make-up for the withdrawn waters would flow horizontally within the lower coral
layers. The aquitard would thus minimize dewatering of the surficial lagoonal deposits

and thereby prevent any loca
property.

lized subsidence which could cause damage to structures and
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It is expected that pumping water from the deep aquifer at the 200 foot depth of
plumage will have no adverse effects on either existing potable water supplies or the
existing groundwater supply used for irrigation of the Ala Wai Golf Course. Because this

layer is thought to be completely separate from the upper aquifer, it should not cause
subsidence probiems.

However, there is some uncertainty on the subject. This is why a prototype
production well drilling and testing program will be undertaken to confirm the expected
subsurface geologic strata and demonstrate that such high capacity pumping can be
accomplished without adverse effect. 1t will also be used to develop other design

parameters.

ed, full scale pumping tests will be conducted.

Placement of sounding tubes to various depths in the annular space will enable the effects
of pumping on overlying layers to be measured, thereby demonstrating that pumping could

occur without de-watering the overlying surficial lagoonal deposits.

Once a prototype well has been drill

In addition to the drilling and testing of the prototype production well, four smaller
diameter boreholes will also be drilled to depths of about 250 feet in order to confirm the
subsurface geologic strata of the entire proposed groundwater source area at the Ala Wai
Golf Course. The Board of Water Supply will be consulted before any test wells are

drilled.

Should any of the test results and evaluations_indicate that this concept is not feasible, the
alternate submerged pipeline system in the Ala Wai Canal will be pursued,

If the project is feasible, the wells are proposed to be placed adjacent to the
parking lot at the Ala Wai Golf Course Clubhouse (see attached Figure 5 from Appendix H
of the Feasibility Report) alongside the 18th fairway. The cart path may have to be
relocated a few feet mauka. This should not interfere with golf course activities except

during the construction period.

in regards to aesthetics, detailed design of the structures has not been undertaken
because the feasibility of using wells is still to be demonstrated. [f the deep groundwater

well system is proven feasible and funding is made available for implementation, the wells

and pump structures will be designed to be compatible with City plans for the area.

g the drilling of the deep groundwater

construction of the interconnecting

lines, construction of the aeration system, and deployment of the diffuser
The construction generated noise will be temporary, and

cted to be constructed in an open area, away from building

xpected to be minimal.

There will be some noise generated durin
wells, installation of the well casings and pumps,
underground pipe
system across the canal width.

since the entire system is expe
structures, the construction noise impacts are e
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Mr. Walter M. Ozawa -3- APR 15 1993

During operations, some noise is expected from the well and aeration pumps. These
pump noise levels would be reduced by acoustic containment in order to meet Department

of Health noise regulations.
Impacts Generated By The Submerged Pipeline System

if the deep groundwater well system proves to be infeasible, the submerged pipeline
system is recommended for implementation. A full design process would then be required,
consisting of a preliminary and final engineering design phases. During the preliminary -
engineering phase, the relocation of the submerged pipeline to the makai side of the Canal
would be re-evaluated. If the engineering decision continues to favor the mauka side of
the Canal, the pipeline would be located as close to the mauka bank as is feasible.

One of the criteria used in the evaluation of the feasibility of the submerged
pipeline system was that the recreational uses of the Canal were to be fully maintained.
Thus, the submerged pipeline system will be designed and located in order not to interfere
with the existing ramps used to launch kayaks and canoes from the mauka bank.

Draft Maintenance Plan

The maintenance plan, like any maintenance plan, does not require an
environmental assessment in order to be implemented. However, the major dredging

recommended in the maintenance plan will require a separate EA.

If you have any questions, please feel free to contact Mr. Manabu Tagomori of the
Division of Water and Land Development at 587-0230.

Very truly yours

Chairperson

c: Edward K. Noda & Associates, Inc.
KRP Information Services
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JEPARTMENT OF GENERAL PLANNING

CITY AND COUNTY OF HONOLULU

R s 430 SOUTH XING STREET

- MONOLULU. HAWALI 94812

December 22, 1992

R

The ﬁonorable William W. Paty, Chairperson

’ . [ 7 v
Board of Land and Natural Resources ==
Department of Land and Natural Resources —
State of Hawaii ' o =
P.0O. Box 621 _
Honolulu, Hawaii 96809 -
Dear Mr. Paty: =X
. " s
v (2]

Draft Environmental Assessment for the
W c ovement o Qahu awa

LE,

EI AR LR |
< e .

GO 11/92-3536A

-
1

10 :8v g2a7

In response to your letter of November 30, 1992 regarding

the subject draft environmental assessment, we offer the
following:

1. The visual impacts of the wells and pump structure

should be addressed.

2. The draft EA adequately addresses the project's impacts
in relation to the various proposals of the waikik
Master Plan except the proposed pedestrian bridge

will link Waikiki with the Ala Wwali Golf Course.

addressed.

i

which
This
pedestrian bridge will be an extension of Nahua Street.
Potential impacts on this proposal should also be

3. An amendment to the City's Development Plan Public
Facilities Map is needed before the construction of

either the submerged pipeline or well supply solutions

can proceed.

=
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The Honorable William W. Paty, Chairperson
Board of Land and Natural Resources
December 22, 1992

Page 2

Thank you for the opportunity to comment. Should you have
any questions, please contact Gary Okino of our staff at
527-6067.

Sincerely,

N D. LIBBY, JR.
Acting Chief Planning

RDL:js




KEITH W. AHUE, Chairpetsan
SOARD QF LAMD AND MATYRAL MESOLRCEY

JOHN WAIHEZ
GOVIANDR OF HAWAN
Sirutity

JOHN P. KEPPELEA. 1l
OONA L. HANAIKE

AQUACULTURE DEVILOFMENT
PROQARAM

AQUATIC REOURCES

STATE OF HAWA“ CONSEMYATION AMO
AHVIRONMENT LI
DEPARTMENT OF LAND AND NATURAL RESOURCES CONAERVATION AND aing
p.O. BOX 829 AFSOURCES INFORCEMIENT -
CONVLYANCES
MONGLULU., HAWAIL 38809 FORESTRY AND WILDLISE
HISTORIC PFRESTAVATION
LAND MANAGEMENT
STATE PARKD
WATER AND LAND CEVELOPMENT
APR 15 1993

Mr. Robin Foster

Chief Planning Officer
Department of General Planning
City & County of Honolulu

650 South King Street, 8th Floor
Honolulu, Hawaii 96813

Dear Mr. Foster:

Draft Environmental Assessment

For Ala Wai Canal Improvement, Honolulu, Oahu, Hawaii

Thank you for your letter of December 22, 1992 regarding the subject project. Our
response to your comments is as follows:

Visual impact of the wells and pump structure.

Copies of schematic drawings of the proposed wells and pump structures (Figures
5-8 from Appendix H of the Feasibility Report) are attached. Detailed design of these
structures has not been undertaken because the feasibility of using wells is still to be
demonstrated. At this phase, it is envisioned that the individual well and pump structure
would be about 4 ft square and about 1-2 ft high. If the deep groundwater well system is
proven feasible and funding is made available for implementation, the wells and pump B
structures will be designed to be compatible with City plans for the area.

Impacts on proposed pedestrian bridge at Nahua Street. -

There would be no impact on the proposed pedestrian bridge at Nahua Street
‘ under either the deep groundwater well system or the submerged pipeline system. The -
: wells are proposed to be placed adjacent to the parking lot at the Ala Wai Golf Course
| Clubhouse (see Figure 5), a considerable distance from the proposed bridge. The pipeline
would probably be visible from the pedestrian bridge but otherwise would have no impact. —
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Mr. Robin Foster

Amendment to the City s Development Plan Public Facilities Map.

Thank you for letting us know that this is required. Once funding for the project
is obtained, we will initiate an application for an amendment to the City’s Development

Plan Public Facilities Map.

If you have any questions, please feel free to contact Mr. Manabu Tagomori of the
Division of Water and Land Development at 587-0230.

Very truly yours,

mmue (
Chairperson 1

c: Edward K. Noda & Associates, Inc.
KRP Information Services
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December 23, 1992
EA:00013

Mr. Edward Lau

Division of Water and Land Development
Department of Land and Natural Resources
P.O. Box 373

Honolulu, Hawaii 96809

Dear Mr. Lau:

Draft Environmental Assessment (EA)
Ala Wai Canal Improvements

The Department of Land and Natural Resources of the State of Hawaii proposes to
improve water quality in the Ala Wai Canal (AWC) to standards acceptable for water-based
recreational activities. The specific objectives of the project are to:

1) increase water flow and circulation in the canal while addressing environmental
concerns;

2) decrease sources of pollutants through improved watershed management, and;
3) establish routine maintenance and management practices for the canal.

However, only proposed actions {0 increase water flow and circulation are assessed at
this time. Implementation of the other objectives is not within the sole jurisdiction of the
Department of Land and Natural Resources and requires cooperation with other
departments, agencies, and the community.

Specifically, this project proposes to infuse 20 to 30 cubic feet per second (cfs) of
seawater into the Kapahulu end of the AWC in order to improve water quality to within
limits of state water quality standards for water-based recreational activities. Two
alternative options for the project are discussed. The first is injection of 20 to 30 cfs of
groundwater from 5 wells drilled on the premises of the Ala Wai Golf Course, to depths
of 250 feet or greater, with the water discharged through a discharge manifold located

across the AWC. This option would be pursued only after a prototype production well

An Equal Opportunity/Affirmative Action [nstitution
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Mr. Edward Lau
December 23, 1992
Page 2

drilling and testing program has confirmed the expected subsurface geologic strata, water
quality, and groundwater flow yield from coral layers at this depth and demonstrated that
such high capacity pumping can be accomplished without adverse effects.

The second alternative is injection of 20 to 30 cfs of seawater delivered to the Kapahulu
end of the AWC through a 12,500 foot long, 42 inch diameter submerged pipeline, laid and
partially buried in the AWC. An intake structure located near the entrance to the Ala Wai
Boat Harbor at a depth of about 40 feet would connect to a 4,000 foot long, 40 inch
diameter suction pipeline leading to a submerged pump station located adjacent to Magic
Island. The Environmental Center has reviewed the draft EA with the assistance of Edward
Laws, Oceanography; Andrew Tomlinson, Environmental Center; and Elizabeth Gordon,

Environmental Center.

General Comments

In general, we applaud the efforts of the Department of Land and Natural Resources
to improve the water quality of the AWC and the overall environmental conditions of the
Waikiki, McCully, and Kapahulu areas in the vicinity of the AWC. However, we strongly
suggest that an environmental impact statement be prepared for the proposed project in
order to augment certain sections of the draft EA and to address questions concerning the
complexity, large scope, and cumulative impacts of the proposed action. These factors
collectively trigger many of the significance criteria requiring preparation of an
environmental impact statemeant as prescribed by Section 11-200-12, Hawaii Administrative
Rules (HAR). Furthermore, significant impacts of a proposed action are not limited to
negative effects, but also include impacts that may be beneficial. In addition, camulative
impacts of a proposed action must be addressed, as prescribed in Section 11-200-12, HAR.
Consequently, we suggest that the draft EA be re-submitted as a Preparation Notice (PN)
and that the body of the present document form the basis of a truly comprehensive
environmental impact statement for the proposed AWC improvements.

Modelling and Data

Our reviewers have expressed concerns over the dynamic modelling for the AWC in the
draft EA its feasibility report. First, although the draft EA refers in passing to the relative
importance of individual rainfall/sedimentation events on the AWC, the intermittent nature
of pulsed water/sediment inputs is not reflected in the model. Second, the 2-dimensional
hydrodynamic model used for the AWC does not adequately address the thermally driven
circulation in the AWC. Gonzalez (1971) noted that circulation in certain portions,
particularly the rear or Kapahulu section, was more thermally influenced than tidally driven
as stated in the draft EA. Would such a thermal structure in the AWC affect the proposed
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project to flush the canal with seawater? The model also fails to account for spatial
variations in nutrient levels, particularly elevated nitrate levels at the Kapahulu end.
However, our reviewers note that given its limitations, the model does provide substantial
contributions to the remediation planning, and they further note that while refinement is
certainly possible, it may be unnecessary for the present purposes.

Deep Groundwater Well System Alternative

Our reviewers expressed a number of serious concerns regarding the deep groundwater
well alternative. First, what will be the chemical characteristics of the water drawn from
deep aquifers? Is the water likely to be anoxic, and will there be concomitantly high levels
of hydrogen sulfide? Are there any geological substrata having volcanic basalts or ash which
might have reacted with the water being withdrawn? Are there other potential sources of
toxic leachate which might compromise the biological integrity of the AWC? Water drawn
from deep wells for support of marine biological applications in other areas has proven
problematic (e.g., Anuenue Fisheries Lab, some of the UH facilities at Sand Island, and
Coconut Isiand in Kaneohe Bay). Second, how will the pumping of large amounts of
groundwater from the lower "aquitard” level affect the upper lagoonal layers of water? Will
the possible draining of the groundwater from the lagoonal layers result in subsidence and
possible structural damage to nearby buildings as documented in the case of the de-watering
at the Duty Free Shopping Center. :

Finally and most importantly, why was the prototype production well and test drilling
program not conducted prior to issuance of the draft EA and included in the document?
Data arising from the tests, including water quality, soils, geology, etc., are vital for
comprehensive evaluation of the proposed action and selection of the most appropriate
alternative. The intent of Section 343-6, Hawaii Revised Statues (HRS), is to provide for
full disclosure of critical information concerning the proposed action, alternatives, potential
impacts, existing conditions, mitigating measures, etc. Clearly, had the test drilling and
prototype production program been conducted prior to release of this document, data would
have been available to substantially address the above questions.

Pipeline Alternative

The description of this proposed alternative appears insufficiently comprehensive. First,
there is only brief mention of dredging, (separate from maintenance dredging) which is to
be conducted as‘part of the pipeline alternative. How will the dredging be conducted?
Where will the dredge spoil be disposed? What are the existing conditions at the disposal
site, and what are the potential impacts from the dredging and its disposal on the disposal
area? Additional information would have been helpful concerning this alternative.
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Second, the description of the existing environment is lacking in comprehensiveness.
What are the existing conditions, including flora, fauna, geology, and water quality, of the
coastal area near the Ala Wai Boat Harbor where the intake and outflow will be situated?
What will be the impact on the existing conditions of the proposed pipeline? What are the
soil types in which the pipeline will be partially buried?

Existing Conditions (general)

While the project is intended improve water quality and environmental conditions for
recreational use of the AWC, the draft EA fails to provide an in-depth description of
present recreational uses of the canal. How many people use the AWC and at what
locations? (ie. How many canoe clubs actively paddle on the AWC?) What are the
potential impacts of each alternative on recreational use during construction of the project
and following its completion? Will present recreational uses of the area conflict with the
construction phase of the two alternatives? How will the project enhance present
recreational uses in the short and long-term?

In addition, there was no indication of any consultation with the Ala Wai Golf Course.
How will the project affect the golf course during and following construction of the project?
Will there be increased or decreased use of the golf course? Also, do operation and
maintenance activities at the golf course affect the development of the proposed action?
Do chemicals applied to the golf course contaminate the AWC? How will the groundwater
well alternative affect the golf course?

The document also fails to describe potential traffic impacts resulting from the proposed
project. Will traffic be affected, especially during construction of the pipeline alternative?
Will noise be a factor for the adjacent community? How will the school be affected by
construction of the proposed improvements? How often is the mauka side of the AWC,
between the McCully Bridge and Kapahulu, used for recreational activities? How will the
safety of pedestrians in this area, in particular children, be safeguarded during construction
of the groundwater wells. What are the existing utilities in the area? Will the proposed
alternatives have an impact on utilities in the AWC area?

Economic and Social Impacts

While the major rationale for the proposed project is the enbancement of water and
environmental quality, there is no study or discussion of the long-term impacts of the
proposed project on the area. Will the proposed project attract new business establishments
and further improvements to the AWC area? The Waikiki Master Plan, which this draft
EA and project refers to, includes definite plans for the AWC. The draft EA briefly
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mentions the enhanced opportunities for canal-side dining, etc. following the proposed
improvements to the AWC. In what other contexts does this project intersect with the
Waikiki Master Plan? Will there be enhanced revenues attributable to the proposed
improvements? How will the project affect Waikiki and the social atmosphere of the
McCully, Kapahulu, and Waikiki areas?

Significance Criteria

The draft EA states that the proposed alternatives do not invoke apy of the triggers
listed under Section 11-200-12, HAR, requiring preparation of an environmental impact
statement. As noted earlier, we strongly disagree. From the information provided in the
draft EA, we suggest that the proposed actions trigger at least seven of the prescribed
triggers under Section 11-200-12, HAR. We reiterate thatimpacts, as defined under Section
11-200-12, HAR, are not limited to negative impacts but also include potential impacts from
a proposed action that may have beneficial effects. As such, we suggest that the following
criteria under Section 11-200-12, HAR, are invoked by the proposed project.

Section 11-200-12
"a) In considering the significance of potential environmental effects, agencies shall
consider the sum effects on the quality of the environment, and shall evaluate the
overall and cumulative effects of an action.

b) In determining whether an action may have a significant effect on the
environment, the agency shall consider every phase of the proposed action, the
expected consequernces, both primary and secondary, and the cumulative as well
as the short and long-term effects of the action. In most instances, an action
shall be determined to have a significant effect on the environment if it:

4) Substantially affects the economic or social welfare of the community or State;"

According to the draft EA, "The project will support the improvements to Waikiki and
adjacent areas proposed in the Waikiki Master Plan and enhance the economic and social
welfare of the community.” Waikiki constitutes the State’s major tourist destination, and
the Waikiki Master Plan is intended to be a major portion of the State’s attempt to renovate
the area and to revitalize the lagging tourist economy, thereby enhancing private and public
revenues. Clearly, the stated intent of the proposed project, to enhance the environment
of Waikiki, will affect the revenue generating capability of the State. Regardless of whether

the project is successful, it will resuit in substantial effects to economic and social welfare.

Y
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Section 11-200-12b
"8) Substantially affects public health;”

Again, a central objective of the project, as outlined by the consultants and the
Department of Land and Natural Resources in the draft EA, is to significantly enhance the
public heaith of recreational users of the region by improving environmental conditions in

the AWC and the adjacent areas.

Section 11-200-12b .
"6)  Involves substantial secondary impacts, such as population changes or effects on

public facilities;”

On the basis of information provided by the draft EA, it is difficult to make a
determination of significance under this criterion. However, the proposed project is
intended to enhance the environment which could spur further uses of the AWC under the
Waikiki Master Plan, including canal-side dining, recreational use, etc. It is very likely that
with increased public utilization, there will be a need for a long-term increase in public
services, including police patrols, restrooms, fire protection, electricity for lighting, waste

water disposal, etc.

Section 11-200-12b
"7} Involves a substantial degradation of environmental quality:"

As noted above the draft EA fails to resolve many questions concerning potential
environmental degradation resulting from the proposed action. It is not clear if the
groundwater well alternative will further contaminate the AWC, drain lagoonal layers, and
affect nearby structures. In addition, impacts associated with the pipeline alternative,
including dredging and spoil disposal, coastal impacts at the Ala Wai Boat Harbor, traffic,

and noise, may be significant.

Section 11-200-12b
"8) Is individually limited but cumulatively has considerable effect upon the

environment or involves a commitment for larger actions;”

The very nature of the proposed project is to create a cleaner environment in the AWC
and in the adjacent areas. The draft EA states, "The project will have a considerable effect
on the environment of the Ala Wai Canal. Although the proposed projects to improve
water quality in themselves do not result in a commitment to larger actions, it is expected
that there will be a strong public demand for additional clean-up and continued
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maintenance measures to preserve water quality, once attained.” Therefore, we suggest that

the proposed project invokes this criterion.

Section 11-200-12b
"10) Detrimentally affects air or water quality or ambient noise levels;”

There is insufficient information in the draft EA to make a determination of significance
under this criterion. Of primary concern is the information concerning pipeline dredging
and water quality. .

Section 11-200-12b -
"11) Affects an environmentally sensitive area such as a flood plain, tsunami zone,
erosion-prone area, geologically hazardous land, estuary, fresh water, or coastal
waters."

The Ala Wai Canal meets the definition of an epvironmentally sensitive area and thus
invokes the criterion for significance under this trigger.

Summary

While we applaud the Department of Land and Natural Resources’ proposals to improve
the water quality of the AWC and the surrounding area, we strongly recommend that an
environmental impact statement be prepared for the proposed action. Clearly, the scope
of the proposed action will have major long-term effects on the area and the State in
general. “The draft EA includes some excellent data and is formatted quite well, but in
order to make sound decisions concerning the proposed project and the future of the AWC
and the State in general, a more comprehensive compilation of data and a wider public
review process such as would be attendant on preparation and consideration of an EIS is

required.

Thank you for the opportunity to comment on this draft EA. We hope our comments
are useful in the preparation of an environmeatal impact statement and please feel free to
contact us at the Environmental Center if you have additional questions.

N
WHarﬁson. PhD

Environmental Coordinator
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cc: OEQC
Roger Fujioka
Edward Noda & Associates, Inc.
KRP Information Services
Elizabeth Gordon
Andrew Tomlinson
Ala Waj Cleanup Technical Group
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Dear Dr. Harrison:

Draft Environmental Assessment

KEITH W. AHUE, Chalrperson
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Honolulu, Oahu Hawaii

For The Ala Wai Canal Improveiment, X .

Thank you for your letter of December 23, 1992 regarding the subject project. Our

response {o your comments follows:
General Comments
See comments under Significance Criteria below.

Modeling and Data

This model utilized for this project, like all models, has limitations.
note, refinement of the model may be unnecessary for the present purpose.

However, as you

We do not think

that the proposed action would be affected by additional research necessary to answer the

questions you have posed.

Deep Groundwater Well Alternative

We share your concerns that a deep groundwater well system to pro

vide saline water

for flushing of the Ala Wai Canal could have adverse effects. The water pumped may not be
of sufficient quality to be useable. This is why a prototype production well drilling and
testing program will be undertaken to confirm the expected subsurface geologic strata, test
che water for quality and toxicity, and demonstrate that such high capacity pumping can be

accomplished without adverse effect on existing wells and buildings in t

he surrounding area.
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Once a prototype well has been drilled, full scale pumping tests will be conducted.
Placement of sounding tubes to various depths in the annular space will enable the effects
of pumping on overlying layers to be measured, thereby demonstrating whether pumping can
occur without de-watering the overlying surficial lagoonal deposits.

In addition to the drilling and testing of the prototype production well, four smaller
diameter boreholes will also be drilled to depths of about 250 feet in order to confirm the
subsurface geologic strata of the entire proposed groundwater source area at the Ala Wai Golf
Course. Should any of the test results and evaluations indicate that this concept is not

feasible, the alternate submerged pipeline systém in the Ala Wai Canal will be considered.

It would not be logical or even possible to postpone an environmental assessment until
after information was obtained from a prototype well because drilling the test. well itself
requires an environmental assessment. Also, no money has been appropriated for the
prototype well testing program, estimated to cost $300,000. The agency believes that
dissemination of the feasibility study and draft EA has enhanced the prospects of obtaining
funds to proceed with the project. We disagree that environmental assessments should be
delayed until all possible information on a project has been collected. One of the benefits of
circulating environmental documents for review and comment is to obtain important
information, especially "local knowledge" on the environmental setting, potential impacts, and

public acceptance of the proposed project.

Pipeline Alternative

is discussed on pages 3-9, 3-10, 3-14 and 3-

15. Note that dredging of the Kapahulu end of the canal is recommended to be done as part
of the next maintenance dredging project. Major dredging for the pipeline would also be
done as part of maintenance dredging. This action will require a separate environmental

assessment,

Dredging and disposal of dredge spoils

Existing Conditions (general)
ed is very limited. It is to improve water clarity by
improving water flow and circulation. While we agree that it might be interesting to have

an in-depth description of present recreational uses of the canal and to know exactly how
many people use the canal, we do not agree that this information is necessary to assess the

impact of improving water clarity. We did contact every known recreational user group as
well as the nearby Neighborhood Boards and various other Waikiki organizations to ask for

their comments and invite them to the public meeting on the project. No written comments
or objections of any kind have been received.

The action proposed and assess

on has been consulted. They are principally
heir existing wells and subsidence. Golfers

The City Department of Parks and Recreati
concerned with the potentially adverse effects on t
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will be inconvenienced during construction and the cart path on the 18th fairway may have
to be moved a few feet. This should not interfere with play. If there is a problem, one or
two wells could be shifted to the parking lot.

Every construction project, no matter how small, results in some impact to traffic and
creates some noise. Noise impacts are described in the EA. The project has been designed
to cause the least inconvenience possible. Energy usage was calculated and is not sufficient
to strain existing utilities. We feel that these impacts have been adequately discussed.

Economic and Social Impacts

As noted above, the action proposed and assessed is very limited. It will improve
water clarity by improving water flow and circulation. It will not do anything to address
nonpoint source pollution or the debris entering the canal. The canal will continue to Le
muddy after rainstorms. It is hard to believe that this modest improvement to water quality
will have such far-reaching effects as attracting new business establishments to Waikiki.

If the improvements are made before the canal is dredged, there may be a very adverse
public reaction when water clarity is improved and the detritus at the bottoin of the canal

becomes visible.

To use a mathematical analogy, the proposed project is necessary but not sufficient.
A number of other steps are required before there would be any quantifiable economic and/or
social impact on Waikiki. Even if a special study were undertaken, it would be purely
speculative. The only certainty is that on a physical level, the proposed action generally
supports and does not conflict with the Waikiki Master Plan. The proposed improvements
will not conflict with the Plans recommended boat tuming basin or pedestrian bridge. The
pumps can be hidden by landscaping.

Significance Criteria

We note that under your General Comments at the beginning of your letter and again
under Significance Criteria that the Environmental Center believes that an environmental
impact statement should be prepared. The question of whether to prepare an EIS was
discussed by the members of the Ala Wai Cleanup Technical Committee. The consultants
stated that, in their professional opinion, the adverse environmental impacts of the project
appeared to be so negligible that preparing an EIS would be a waste of time and money. It
was the consensus of the group that the change in the law that allows for the review of a
draft environmental assessment before making a decision to make a negative declaration or
proceed with a full EIS was an excellent method to find out whether others agreed with the
consultants’ conclusions. The major concern expressed at the meeting where this was
discussed was in relation to public reaction. Some committee members were concerned that
certain environmental groups would object strongly and oppose the project. For this reason,
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the consultants made a point of contacting as many groups and individuals as possible and
sending them copies of the DEA for review and comment. They were also invited to a public
meeting at the Ala Wai Golf Course Clubhouse on December 7, 1992.

The meeting was well attended and provided an opportunity for many residents to
understand the project and have their questions answered. It apparently was successful
because only four letters have been received, from the City Departments of General Planning
and Parks and Recreation, the Environmental Center and a private citizen. We have received
no communications from any environmental groups, much less any challenging the proposed

issuance of a negative declaration.

-

We respect your opinion on this matter but we have to disagree. It is the
responsibility of the agency to make the determination of significant impact. We believe this
project to be important but we do not believe it has significant environmental impacts within
the intent of the law and regulations. We believe that the funds that would be spent on an
EIS can be put to better use in furthering the implementation of the project.

If you have any questions, please feel free to contact Mr. Edward Lau of the Project
Development Branch at 587-0227.

Manager-Chief Engineer

c: Edward K. Noda & Associates, inc.
KRP Information Services




1638-A Mikahala Way
Honelulu, HI 96816

November 25, 1952

Edward Lau

DLNR, DOWALD

P.0. Box 373
Honolulu, HI 96809

Dear Edward Lau,

I’'m writing to request that you ensure that the proposal to
flush the Ala Wai Canal fully discusses its environmental
impacts. While we all lecok forward to the day that the Ala Wai
is clean, I hope that its cleanliness does not come at others/’

expense.

Would you ensure that the environmental study considers
whether the flushing will cause fewer heavy metals, pesticides
etc. to settle out in the Ala Wai. If so, these substances will
be transported to the near shore waters of Waikiki. What impact
will these substances have on marine life in Waikiki, surfers’
health and near shore users? While the flushing may reduce the
Ala Wai’s nutrient problems, I’'m afraid it could increase the
amount of toxics in our coastal waters. Jeff Fox and Will
Freeman’s proposals to reduce such toxics in the watershed are an
essential component to cleaning up the Ala Wai. Simply flushing
toxics out of the Ala Wai and into our ocean is no solution.

Also, I hope that the true impact of using brackish water
has been thoroughly studied. These deep wells will undoubtedly
have an affect on our aguifer even though they will only be
pumping brackish water. Alternatively, if water is pumped from
Magic Island, how much electricity will be required? What is the
equivalent in terms of barrels of oil?

Siqurely,

Cr Co T T T,
/1/ feg L e
David Kimo Frankel ~ ~
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Mr. David Kimo Frankel
1638-A Mikahala Way .
Honolulu, Hawaii 96816

Dear Mr. Frankel:

Draft Environmental Assessment
for Ala Wai Canal Improvement, Honoclulu, Oahu, Hawaij

Thank you for your letter of November 25, 1992 regarding the subject project. Our
response to your comments follows:

Flushing Effects

Although the Ala Wai Canal clean-up project covers three separate studies — one for
maintenance, one for control of nonpoint sources of pollution, and one for improving the
flushing of the canal — the environmental assessment only adresses improvements to be made
to water clarity by improving water flow and circulation. This will be accomplished by
adding a relatively small flow of water to the canal, approximately 20 to 30 cubic feet per
second. In relationship to the large volume of water in the canal the proposed flushing flow
will produce an imperceptible velocity increase. Also, the flushing flow will have no effect
on the transport of pesticides, heavy metals or .any other nonpoint sources of pollution
entering the canal.

The flushing will not do anything to reduce nutrients, either. What it will do is to
prevent the growth and proliferation of the phytoplankton feeding on the nutrients due to
reduced residence times. This will improve clarity.

Deep Groundwater Well Alternative
There are a number of uncertainties associated with a deep groundwater well system

as a source of saline water for flushing of the Ala Wai Canal. This is why a prototype
production well drilling and testing program is proposed. The prototype test well would be

KEITH W AHUE, Chaliperson
B0AMD OF LAMD AND waATURAL ARSGURCEY
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drilled to confirm the expected subsurface geologic strata, test the water for quality and
toxicity, and demonstrate that such high capacity pumping can be accomplished without
adverse effect on existing wells and buildings in the surrounding area. Should any of the test
results and evaluations indicate that this concept is not feasible, the alternate submerged

pipeline system in the Ala Wai Canal will be considered.

Energy Usage

The amount of electricity needed to operate the pump for the pipeline system was
calculated in preparing the cost estimates. For 20 cfs (9000 gpm), 36 kW is required, or 864
kWh of electricity per day. 30 cfs would require an additional 50 percent.or 54 kW (1296
kWh per day). Based on HECO'’s average heat rate, roughly 1.5 barrels of oil would be used
to generate the electricity needed to pump 20 cfs of water 24 hours per day. |

If you have any questions, please feel free to contact Mr. Edward Lau of the Project
Development Branch at 587-0227.

Manager-Chief Engineer

c: Edward K. Noda & Associates, Inc.
KRP Information Services

e e
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EXECUTIVE SUMMARY

The Ala Wai Canal (AWC), a 2-mile long man-made waterway constructed between 1921
and 1928, is the major drainage system for the Waikiki District of Honolulu, and also
conveys surface runoff from the watersheds directly mauka of the AWGC, including the
areas of Makiki, Manoa, St. Louis Heights, Palolo, Moiliili, Kapahulu, and parts of Kaimuki
and Diamond Head.

Besides providing an important drainage conduit for surface water runoff, the Ala Wai
Canal was designed to serve as a sediment deposition basin in order to minimize the
discharge of sediments into the nearshore coastal waters through the Ala Wai Boat
Harbor entrance channel. In many respects, the AWC has performed its functions very
well. Since the AWC is a dredged collection system, it also collects nutrients from
surface runoff waters and from other non-point sources such as groundwater. The
murky green discoloration of the canal waters result from excessive phytoplankton
growth, due to significant incident sunlight, and long residence times within the canal
system. During and immediately after periods of heavy rain, the AWC waters display a
distinct brown discoloration due to the suspended sediments which are entrained in the
surface runoff, and possible re-suspended bottom sediments.

The State of Hawaii desires to improve the water quality in the Ala Wai Canal (AWC) to
standards acceptable for water-based recreational activities. The Ala Wai Canal is used
for a number of recreational purposes including canoeing, kayaking, fishing and some
motor boating. In order to mest this goal, the following are the specific objectives of the

present study:

o Increase water flow and circulation in the canals while addressing environmental
concerns.

(o] Decrease sources of pollutants through improved watershed management.

0 Establish routine maintenance and management practices for the canal.

The herein described Feasibility Report responds to the first objective listed above. A
separate report entitied "Management Plan for the Ala Wai Canal Watershed" prepared
by Jefferson Fox and William Freemen, East-West Center, Environment and Policy
Institute, dated October 1892, responds to the second objective. The third objective is

iv




addressed in another separate report entitied "Maintenance Plan for the Ala Wai Canal,"
developed by Edward K. Noda and Associates, inc., dated October 1992.

The present Feasibility Study is primarily focused on the physical, biological and water
quality conditions in the Ala Wai Canal. The initial task efforts of this study involved
extensive field measurement programs including a bathymetry survey, current
measurements within the Canal and in the nearshore coastal areas, a dye flushing test,
tidal measurements, and biological and water quality survays.

A bathymetry survey was performed to accurately map the existing bottom depths within
the entire AWC in order to provide input data to a numerical hydrodynamic and water
quality model of the Canal. When the present bathymetry data is compared to the last
1978 dredging design, the rate of sediment deposition in the Ala Wai Canal is calculated
to be 10,300 yd®/year. This sedimentation rate generally agrees with previous
calculations and indicates a relatively consistent rate over the last 25 years.’

High resolution tide measurements at the entrance channel to the Ala Wai Boat Harbor
and at the Kapahulu end of the Canal were obtained for a one-month period. For
comparison purposes, the actual tide measurements obtained by the National Oceanic
and Atmospheric Administration (NOAA) at the Honolulu Harbor tide reference station
were also acquired for the one-month measurement period. All three tide data sets,
when superimposed, show very little amplitude and phase differences. Computer
analysis of the tidal time-histories between the entrance and end of the AWC indicates
that about a 73 second time delay exists. Analytical analysis confirms that a standing
tide-wave system exists, and that the small time delay is due to friction. This result was
then used to calibrate the hydrodynamic model by adjusting the bottom friction factor
to obtain the required time delay.

Extensive current meter and current drogue measurements were obtained both within
the Canal and in the nearshore coastal waters adjacent to the Ala Wai Boat Harbor
entrance channel. In the nearshore waters, the velocity of the water column below the
surface layer is strongly influenced by tidal forces, with the current flow generally
oriented parallel to the depth contours. In nearshore waters in close proximity to the
entrance channel, the surface layer during significant rainfall events is strongly affected
by discharges from the Ala Wai Canal, where the outflowing water continues seaward
untit the plume momentum dissipates, whereby tidal forces again dominate.

Within the Ala Wai Canal, the current measurements display very complicated variations
with water depth, wind conditions, tidal phase and rainfall-runoff discharges. In
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particular, a two-layer and at times multi-layer circulation flow regimes exist within the
Canal, primarily associated with distinct salinity variations between the surface layer
(brackish water) and the underlying layers (seawater). With significant rainfali-runoff
discharges into the Canal, the surface layer will flow towards the ocean regardless of the
tidal phase. With strong tradewind conditions, the surface layer will also tend to flow
towards the ocean regardless of tidal phase. The lower layers of the Canal waters are
more strongly influenced by the tide, usually distinguished by inflow into the Canal during
flood tide and outflow during the ebb tide. For very large rainfall-runoff events, the
discharge into the Canal overcomes the tidal forces and the entire water column flows
seaward independent of tidal phase. This very complicated, vertical fiow variation
characteristic of the AWC required that a two-dimensional (2-D) hydrodynamic and water
quality model of the Canal be developed, which would be laterally averaged but would
describe variation along the canal axis and in the vertical dimension between the surface

and the bottom.

A detailed dye flushing test was carried out involving the injection of Rhodamine WT dye
into the entire Ala Wai Canal. Water samples were obtained daily for about 2 weeks, at
4 stations and at 4 depths in the water column (surface, 1/2 meter below the surface,
mid-depth, and 1/2 meter off the bottom). The dye concentration data allowed a direct
determination of the dye flushing time constant which is represented by the time it takes
for the dye concentration to fall to 50% of its initial value, T, Surprisingly consistent Ty,
time constants of the order of 40 to 60 hours were obtained for all 4 stations and the
4 different depth levels. These T, flushing time constants were used in the calibration
process for the 2-D hydrodynamic and water quality model. Conductivity-temperature-
depth (CTD) profiles were also obtained during the dye flushing survey.

Six monthly biological and water quality surveys were performed for the Ala Wai Canal
Improvement Project. Water quality samples were collected at sixteen stations within and
offshore the Ala Wai Canal, and in the major streams discharging into the Canal.
Samples were collected at three depths at most stations within the Canal and nearshore
marine waters: 1/2 meter below the surface, 1/2 meter above the bottom, and at mid-
depth. Water quality parameters measured included those listed in the State of Hawaii
water quality standards for open coastal and estuarine waters, plus additional parameters
which provide information on ground water sources and influence: temperature, salinity,
total nitrogen, nitrate-nitrite, ammonium, total phosphorus, orthophosphate, reactive
silicate, turbidity, suspended solids, particulate carbon and nitrogen, chlorophyll,
dissolved oxygen, Ph, fecal coliform and enterococci.

Water quality in the Ala Wai Canal is determined by its source waters (nearshore ocean
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water, groundwater, streams), mixing and tidal exchange, and input from the
accumulated sediment via resuspension and regeneration. "New" nutrients (not recycled
in situ) are derived from groundwater and the streams. The data acquired from the
water quality surveys were extensively used in the calibration and verification of the 2-D
hydrodynamic and water quality model.

One of the most important water quality criteria and which was used to evaluate the
performance of alternative water quality improvement designs for the Canal, was water
clarity. For the worst case situation when very little rainfall-runoff fiows into AWC, the
combination of high nutrients, strong and consistent sunlight, and long water residence
times, promotes active phytoplankton growth which results in high chlorophyll
concentrations and organic turbidity, producing poor water clarity. Thus, the key
parameter to increasing water clarity is to reduce the chlorophyll concentrations in the
water column. Based on water clarity analysis, a target chlorophyil concentration of 5
1g/l was selected, with a maximum cencentration of 10 g/l imposed as a not-to-exceed
criteria for selection of the proposed design flushing alternatives.

The selected hydrodynamic and water quality model selected for this project was the
two-dimensional, laterally averaged CE-QUAL-W2 model developed by the U.S. Army
Corps of Engineers. Besides the hydrodynamic parameters of flow velocity and water
surface elevation, the CE-QUAL-W2 model also simulates 20 water quality parameters
and water temperature. A hydrodynamic verification process was first used to confirm
the proper performance of the 2-D model. In this verification phase, current, dye
concentrations, salinity concentrations, and water temperature outputs from the 2-D
model were compared to field measurements, and excellent comparisons were obtained.
The next phase involved an extensive water quality calibration process where
phytoplankton chlorophyll concentrations, nutrients, and dissolved oxygen concentrations
from the 2-D mode! results were compared with the field measured data. After extensive
runs, a reliable set of rate process coefficients, and input fiows and constituent
concentrations were developed which produced good correlation between the 2-D
model-predicted and field-measured data.

Once the 2-D model verification and calibration processes were completed, the model
was used to evaluate design options to improve the water quality in the AWC. The
design options included injecting either flushing seawater or groundwater into the
Kapahulu end of the Canal; connecting the Kapahulu end of the Canal to Waikiki Beach
using a covered channel; and various dredging options to improve circulation in the
existing Canal. The criteria for evaluating the technical feasibility of any of the tested
design options, was whether the chlorophyll concentrations were about 5 g/l with a
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maximum value of 10 ug/I. For any potentially feasible option, simulations were also run
which included variation in wind speed and direction (tradewind and Kona wind), and

tidal range variations.

Based on the resuits from the extensive computer model runs, the only options which
proved to be technically feasible to warrant further feasibility analysis and conceptual

design evaluations were the following:

1. Injection of 20 to 30 ft°/sec (cfs) seawater into the Kapahulu end of the Ala Wai
Canal. For this option, two design concepts are proposed:

o A 12,500 foot long, 42 inch diameter submerged pipeline laid and partially
buried in the Ala Wai Canal, with an intake structure-located in the
entrance channel to the Ala Wai Boat Harbor at a water depth of about 40
feet below the surface; a 4,000 foot long, 40 inch diameter suction pipeline;
a submerged pump station located adjacent to Magic Island, and a
discharge manifold located across the Canal at the Kapahulu end.

o) A 7,000 foot long, 40 to 42 inch diameter "non-trenched” underground
pipeline constructed using directionally controlled driling technology,
extending from a pump station located at the Kapahulu end of the Canal,
to an intake location offshore of Waikiki Beach in a water depth of about
40 feet. A discharge manifold would distribute seawater across the Canal.

2, Injection of 20 to 30 cfs of groundwater from 5 deep wells drilled to depths of 250
feet or greater, located at the Ala Wai Golf Course, with the water discharged
through a discharge manifold located across the Canal. The deep groundwater
wells must produce salinity and nutrient concentrations similar to coastal

seawater.

For the three alternative concepts described above, conceptual designs, and
construction and annual operating and maintenance (O&M) cost estimates were
developed. The submerged pipeline laid in the AWC and the deep groundwater well
supply options proved to be technically feasible. The directionally driled pipeline
construction option was considered to be beyond the present state-of-the-art, with
significant risks associated with this methodology. Moreover, the construction cost
estimate for the directionally drilled pipeline option was over $28 milion, which is
considerably larger than the other two feasible options.
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The construction cost estimate for the submerged pipeline laid in the Ala Wai Canal is
about $8.5 million with an annual O&M cost of about $72,000. The construction cost
estimate for the deep groundwater well supply system is about $3.3 million with an
annual O&M cost of about $180,000.

Based on the limited available historic geoclogic strata data, the technical feasibility of
drawing the required 20 to 30 cfs of deep groundwater appears promising. Since the
construction cost of this option is significantly less than the submerged pipeline concept,
it is recommended that the deep groundwater well supply system be selected for further
feasibility evaluations. To proceed with this concept evaluation, a prototype production
well driling and testing program is proposed in order to: (1) confirm the expected
subsurface geologic strata in the Ala Wai Course area; (2) test and confirm the
groundwater source water quality and potential toxicity; (3) estimate the potential
groundwater flow yield from coral layers at depth; (4) demonstrate that such high
capacity pumping can be accomplished without adverse effects; (5) and to develop
other design parameters. Besides the single prototype well, 4 additional smaller
diameter wells will be drilled too confirm the subsurface geologic strata. The estimated
cost for this well test program is approximately $300,000.

If the prototype production well test program confirms the technical and environmental
feasibility of the deep groundwater well supply concept, it is recommended that an up-
date and revision of the present conceptual design and construction cost estimate for
the saltwater well supply system be performed. This new construction cost estimate
would then be evaluated for implementation.

If the prototype production well test program indicates that the deep groundwater well
supply concept is not feasible, then it is recommended that the submerged pipeline
system laid in the Ala Wai Canal be considered for implementation.

The environmental impacts associated with both the deep groundwater well supply
system and the submerged pipeline laid in the AWC have been evaluated. The
assessments indicate that while there would be some temporary impacts (noise, visual,
odor, turbidity) during construction, the overall environmental impacts after the
complstion of construction are very minimal, and in fact, there would be a measurable
water clarity and quality improvemnent to the Ala Wai Canal waters.
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CHAPTER 1.0
INTRODUCTION AND OBJECTIVES

The Ala Wai Canal shown in Figure 1-1, constructed between 1921 and 1928, is a 2-mile
long man-made waterway with widths ranging from 200 to 250 feet and average cross-
sectional depths ranging from 3 to 8 feet, with spot depths ranging from 1 to 12 feet.
The Ala Wai Canal (AWC) is the major drainage system for the Waikiki District of
Honolulu, and also conveys surface runoff from the watersheds directly mauka of the
AWC, including the areas of Makiki, Manoa, St. Louis Heights, Palolo, Mailili, Kapahulu,
and parts of Kaimuki and Diamond Mead.

Besides providing an important drainage conduit for surface water runoff, the Ala Wai
Canal was designed to serve as a sediment deposition basin in order to minimize the
discharge of sediments into the nearshore coastal waters through the Ala Wai Boat
Harbor entrance channel. In many respects, the AWC has performed its functions very
well. Since the AWC is a collection system, besides satisfying its drainage functions, it
also collects nutrients, suspended and dissolved in the surface runoff waters and from
other non-point sources such as groundwater. While the waters within the AWC are
ultimately discharged to the ocean receiving waters, high nutrient concentrations,
significant incident suniight, and long residence times within the canal system produce
excessive phytoplankton growth, which is reflected in a murky green discoloration of the
canal waters. During and immediately after periods of heavy rain, the AWC waters
display a distinct brown discoloration due to the suspended Sediments which are
entrained in the in-coming surface runoff and possible re-suspension of bottom

deposited sediments.

Besides its primary drainage functions, the State of Hawaii desires to improve the water
quality in the Ala Wai Canal (AWC) to standards acceptable for water-based recreational
activities. The Ala Wai Canal is used for 2 number of recreational purposes including
canoeing, kayaking, fishing and some motor boating. In order to meet this goal, the
following are the specific objectives of the present study:

o Increase water flow and circulation in the canals while addressing
environmental concerns.

o) Decrease sources of pollutants through improved watershed management.
o) Establish routine maintenance and management practices for the canal.
1-1




-

*auj ‘sajejoossy
-1 ] 133rodd LNIWNIAOUDWI

pue
WILSAS TYNYOD IYM VIV GpON ‘N piempd TYNYI IVM VIV

JHnDI4

by

e

T
-~

N334 NI 31VIS OIHdVYHD
 c——— "

//89.. 0001 ° oo

N\ \
// “ \
~ .
NN e AN
~_ Ny >
l:\ / / N
-/ % \
— g ~N
~ \
! // \
N I W
<S> <N \ \
CEN DN h
! %N N
<~
/ - N N -
- RN W\ \
AN Y \
==
////l
b
< \ "
~ ~ \

IZUNOD 4709
ivym vy

DIDIIVA

[ |
jod

paam
'
'
—
'
ey
p—
-t
—
| i
——
v
e
LR ]
py
|
bt
it |

C et e R ARGt bty darr b



The herein described Feasibility Report responds primarily to the first objective listed
above. The results associated with the second objectives are provided in a separate
report entitled "Watershed Management Plan" developed by the East-West Center,
Environment and Policy Institute (Fox et al., 1992). The third objective results are
provided in another separate report entitled "Maintenance Plan For The Ala Wai Canal’,
developed by Edward K. Noda and Associates, Inc. {1892).

The present Feasibility Study is primarily focused on the physical, biological and water
quality conditions in the Ala Wai Canal. Chapters 2.0 and 3.0 of the report describe an
extensive field measurement program to obtain detailed information on the existing
conditions within the Canal itself, as well as oceanographic data in the coastal waters
surrounding the entrance channei to the Ala Wai Boat Harbor. In parallel with the field
data acquisition program, a hydrodynamic and water quality computer riodel evaluation
and development program was carried out. This task effort initially focused on a one-
dimensional (1-D) hydrodynamic and water quality model, but after an evaluation of the
field measurements, which describe complex vertical variations in flow speed and
directions as well as the other important mixing and water quality parameter variations,
a two-dimensional (2-D) laterally averaged hydrodynamic and water quality model
designated as CE-QUAL-W2 was selected.

Chapter 4.0 describes the CE-QUAL-W2 model characteristics and the verification and
calibration processes using the field measured data to insure that the 2-D model
reasonably represented the proper dynamic conditions of the waters in the Ala Wai
Canal. Following the calibration process, the 2-D model was used to evaluate physical
options which have been proposed to improve the water quality in the Canal.

Chapter 5.0 describes conceptual engineering designs for those options that would
provide satisfactory water quality conditions in the Ala Wai Canal based on the results
from the 2-D model (Chapter 4.0). Cost estimates for the various conceptual design
options including operating and maintenance costs are also provided.

Chapter 6.0 describes the environmental impacts associated with the various conceptual
engineering designs proposed in Chapter 5.0.
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CHAPTER 2.0
PHYSICAL OCEANOGRAPHIC ENVIRONMENT

2.1. BATHYMETRY

The Ala Wai Canal was originally dredged in sections. A seaward section extending
from the Ala Moana Bridge seaward about 500 feet was dredged to a depth of about
25 feet. The section from the Ala Moana Bridge to the 45° bend at the Makiki Stream
confluence was dredged to depths between 10 to 13 feet, while the landward section
between the Makiki Stream and the Kapahulu end of the channel was dredged to depths
between 10 to 20 feet. Since the completion of construction in 1928, sediment
deposition has significantly aitered bathymetry in most of the channe! sections. The Ala
Wai Canal has been dredged twice since its construction, the initial dredging in 1966 and

the second dredging in 1978.

In May 1965 the City & County of Honolulu carried out a bathymetry survey of a portion
of the AWC, in preparation for the first maintenance dredging of the canal. Gonzalez
(1971) utilized this data to construct a bathymetry map of the surveyed section between
the McCully Bridge and the confluence of the Manoa-Palolo Stream which is shown in
Figure 2-1. Sunn, Low, Tom & Hara, Inc. (SLTH) in 1877 developed a Preliminary
Engineering Report for the second maintenance dredging of the AWC, which include a
bathymetry survey of the canal. While the data is not provided in the form of a
bathymetry map, the cross-section drawings of the existing canal bottorn shows very
similar patterns to the resuits shown in Figure 2-1.

The results shown in the 1965 and 1977 bathymetry surveys indicate that most sections
of the AWC exhibit a relatively slow bottom sediment deposition rate. The area of the
AWC which is most affected by sediment deposition is between the McCully Bridge and
the Manoa-Palolo Stream confluence. The Manoa-Palolo Stream drains the Manoa and
Palolo watersheds, which represents an area of about 7,200 acres and is the largest
watershed area which drains into the AWC. Moreover, the Manoa-Palolo watersheds
include part of the Honolulu Watershed Forest Reserve area, which is an area of steeply
sloped, undeveloped forests which generate significant sediment loads during typical and
major rainfali runoff events. The sediment laden flow enters the AWC at a 45° angle
towards the ocean and flows seaward. Since the width and average depth of the AWC
is significantly larger than the Manoa-Palolo Stream counterparts, continuity requirements
dictate that there must be a substantial decrease in the mean velocity of the entering
fiow. This velocity reduction allows much of the larger size suspended sediment to fall
out of the fluid and to deposit on the seaward side of the stream confluence forming a

2-1
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“sill". In both the 1966 and 1978 maintenance dredging programs, this sill area was the
only section of the AWC that was dredged.

The 1966 maintenance dredging operations encompassed, a 1,750 feet section of the
AWG, starting from the Kapahulu side of the Manoa-Palolo Stream confluence and
extending 1,750 feet towards the ocean entrance. In addition, the Manoa-Palolo Stream
was dredged to a distance of 500 feet upstream from the AWC confluence. The
required dredge depth was -6 fest mean sea level (MSL). Based on the design
requirements for the 1966 dredging operations, and comparing with bathymetry data
obtained 40 months after the completion of dredging in mid-1966, Gonzalez (1971)
estimated that the rate of sediment deposition in the AWC was 8,240 yd®/year and 940
yd®/year in the Manoa-Palolo Stream for a total sedimentation rate of about 9,180
yd®/year (7,000 m®/year). Gonzalez also calculated average siting rates of 0.65
feet/year (20 cm/year) and 0.39 feet/year (12 cm/year) for the sill and Manoa-Paloio
Stream areas respectively. The silting rate in the sill area varied as a function of
distance from the Manoa-Palolo Stream confluencs, reaching a maximum rate of 0.92
feet/year (28 cm/year) about 600 feet seaward to less than 0.33 feet/year (10 cm/year)
about 1,200 feet seaward from the confluence.

During the 1978 maintenance dredging program, a 3,500 feet section of the AWC was
dredged to a depth of -10 feet mean sea level (MSL), beginning about 100 feet seaward
of the McCully Bridge and extending up the canal to a location about 400 feet past the
Manoa-Palolo Stream confluence as shown in Figure 2-2. To provide a smooth
transition with the Manoa-Palolo Stream, the invert depth was varied from - 10 feet MSL
at the confluence, to daylight at the existing stream bottom depth at about 200 feet
upstream from the confluence. The initial plans provided an option to dredge the last
400 feet of the AWC at the Kapahulu end to a depth of -5 feet MSL. Due to budget
limitations, this option was not exercised.

During the summer of 1991, studies of trophic conditions in the Ala Wai Canal were
carried out by Laws et al. (1992). As part of this project, a bathymetry survey was
performed. Assuming that the 1978 maintenance dredging was performed to -10 feet
MLLW (3 meters) between the McCully Bridge and the Manoa-Palolo confluence, the
sedimentation rate was caiculated to be about 10,500 yd®/year (8,000 m?/year).

In order to accurately define the existing bathymetry features of the Ala Wai Canal for
the present project, a hydrographic survey of the bottom depths in the canal was
performed. The survey extended from the Ala Moana Bridge to the Kapahulu end of the
AWC. To efficiently perform this survey, an autornated bathymetry survey system was

2-2
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utiized as shown in Figure 2-3. The bathymetry survey system consisted of the
following components:

o] An Ulvertech Model 205 echo sounder which operates at 500 Khz and provides
an accuracy of £2 cm for a range up to 100 meters (330 feet). The output from
the echo sounder was interfaced to an onboard data acquisition system (DAS).

o In order to provide accurate and continuous positioning data for the survey
vessel, a Motorola Mini-Ranger il System (MRS), which is a range-range
electronic positioning system, was used. The MRS instantaneously measures the
ranges to two or more shorebased transponders, which have been located over
known geographic points. The MRS has a maximum range of about 40 nautical
miles with a range accuracy of +3 meters. The MRS is a line-of-sight system, and
can operate in rain or at night. The MRS outputs the positioning data to the DAS

using an RS-232C interface.

The shorebased transponder stations were located on the roof tops of tall
buildings surrounding the AWC. The exact locations of these transponder
stations were determined by a Geodstic Positioning System (GPS).

(o] The bathymetry DAS recorded the instantaneous output from the echo sounder
and the MRS, at one second intervals and simultaneously displayed the real-time
vessel location and its past track on a CRT in order to guide the vessel pilot. The
DAS recorded the data on hard disk and on a floppy disk for backup.

The raw data from the bathymetry survey was computer processed using EKNA's in-
house software, where adjustments for the speed of sound in seawater, transducer
depth and tidal phase were performed. The range-range vessel navigation data was
transformed to x,y data and referenced to the Hawaii State Plane Coordinate System,
Zone 3, Oahu. The xy data and the adjusted water depth data were computer
processed to develop the bathymetry map of the Ala Wai Canal. Figure 2-4 shows the
final bathymetry map which has been referenced to the mean lower low water (MLLW)
datum. Note that the MLLW datum is located 0.8 feet below the MSL datum. In
general, hydrographic charts that are used for navigation purposes in Hawaiian waters
are referenced to the MLLW datum, which is also the datum used to describe tidal
variations. Thus, based on the MLLW datum being equal to zero (0), the MSL datum

is located at +0.8 feet MLLW.
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Comparison of Figures 2-1 and 2-4 shows that the accumutation of bottom sediments
displays very similar hydrographic contour characteristics between these two survey

maps.

Figure 2-5 shows cross-section station numbers beginning at the seaward end of the Ala
Wai Canal and proceeding towards the Kapahulu end. The cross-sections are spaced
at 200 feet intervals. Figure 2-6 shows bottom profile representation along the AWC
referenced to MLLW, where the middle profile is along the center axis of the canal, the
“upper quarter" represents a profile 1 /4 width distance from the mauka bank, and the
"lower quarter" represents a profile 1/4 width distance from the makai bank. Appendix
A provides the existing canat bottorn cross-sections at each of the stations shown in
Figure 2-5. Note that cross-sections 51 - 55 are along the Manoa-Palolo Stream.

Based on the present bathymetry survey results as compared to the bottom profile
design for the 1978 maintenance dredging program, Table 2.1 shows the accumulated
volume of sediment material that has deposited during the intervening 13 years. Note
that the station locations shown in Table 2.1 are identical to the stations used in the

1978 maintenance dredging plans and specifications.

The results in Table 2.1 for the average sediment deposition rate agree well with the
results determined by Laws et al. (1992). While this sedimentation rate also agrees with
the results of Gonzalez (1971) who calculated the annual sedimentation rate at 8,200
yd3/year, Gonzalez's result was based on the dredging of 1,750 fest of the sill area
beginning at the Manoa-Palolo Stream confluence and moving seaward. If the annual
sedimentation rate is calculated from Table 2.1 between Stations 17+50 and 35+00, a
distance of 1,750 feet, a value of 6,916 yda/year is calculated as compared to 8,240
yd®/year from Gonzalez (1971). The rate of sediment accumulation calculated from
Table 2.1 between Stations 17+00 and 35+00 is 0.53 feet/year versus 0.65 feet/year

from Gonzalez.

It is well known that sediment concentration is approximately a linear function of the
surface water runoff flow rate due to rainfali. Specifically, the larger rainfall/runoff events
produce higher sediment yield concentrations {sediment weight/unit volume of flow) than
their lower flow rate counterparts. Thus, a significant part of the deposited sediments
in the AWC are due to the larger rainfall/runoff events. Consequently, a 13 year period
of sediment accumulation provides a more stable representation than the 3.3 year (40
month) deposition period used by Gonzalez (1971). In general, considering the
variability of rainfall/runoff events, the sediment deposition rates described by Gonzalez,
Law et at. (1992) and calculated from the present study are all reasonably close, and

2-4
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it is reasonable to assume that the sediment deposition rates in the AWC have not
changed significantly in the past 25 years.

TABLE 2.1
Sediment Deposition Between 1978 and 1991 in a Section of the Ala Wai Canal

Annual Rate of Annual Rate of
Station Sediment Sediment Sediment
Locations Deposition Deposition’ Accumulation?
(yd®) (yd®/yr) (ft/yr)
0+00 - 5+00 7,390 568 - 0.15
5400 - 10+00 12,828 887 0.27
10+00 - 15400 14,893 1,146 0.31
15+00 - 20+00 18,734 1,441 0.39
20+00 - 25+00 25,432 1,956 | 0.53
25+00 - 30+00 30,159 2,320 0.63
30+00 - 35+00 20,150 1,550 0.42
Manoa-Palolo St. 4,792 369 0.50
TOTAL 134,379 10,337
Notes:
1. Based on an assumed 13 years of accumulation.
2 The canal and stream widths where dredging has been performed are

assumed to be 80% of the width at the walls or bank tops.
3. Average annual rate of sediment accumulation between station
locations 0+00 - 35+00 is 0.38 feet/year.

2.2. TIDES
The only previous record of tidal measurements in the Ala Wai Canal was obtained by

Gonzaiez (1971). Water surface elevation measurements were obtained at the seaward
end of the AWC, at a location makai of the Ala Moana Bridge, and at the extreme
landward end of the Canal. Thirteen days of record were obtained at the seaward
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station, but due to instrument failure only about 48 hours of data (July 3 to 5, 1969)
were recorded at the landward station.

Gonzalez (1971) estimated that the time resolution of the tide measuring instruments
provided an “uncertainty” of about + 5 minutes. Within the limits of this time resolution
and the length of the available data, no phase difference was observed between the two
ends of the channel. Moreover, the tides in the AWC were noted to be of the same
phase and amplitude as those predicted for Honolulu Harbor.

To more accurately quantify the tidal amplitude and phase relationships between the
AWC and the ocean, a high-resolution tide measurement program was carried out. Two
locations were selected to represent the Ala Wai Boat Harbor ocean entrance and the
landward end of the Canal. The ocean entrance station was located at Slip 770, and
the landward station was located near the Ala Wai Golf Course Clubhouse, both shown

in Figure 2-7.

Water surface elevation measurements were made using Paroscientific, Inc. digiquartz
pressure sensors, with a pressure range of 0 to 100 psia (0 to 60 meters). Instrument
accuracy is + 0.014 feet and the resolution is + 0.0017 feet. The pressure sensors,
housed in stainless steel pressure housings, were connected to Model 700 Pressure
Computers which converted the data to engineering units using the individual and unique
calibration coefficients. RS-232 output from the Model 700 instruments were input into
IBM compatible portable computers (PCs) for data control. Specially designed field
containments were fabricated to house the data acquisition system (DAS) consisting of
a PC, Mode! 700 Pressure Computer and AC power supply connections, in order to

minimize vandalism.

At the Slip 770 location, the pressure sensor was installed on a concrete piling, while the
DAS in its containment housing was located on the vessel moored at the slip. At the
Ala Wai Golf Course Clubhouse site, the pressure sensor was located on a pipe, which
was part of the fence system surrounding the parking lot. The DAS/housing was
located in the goif cart maintenance facility at the Clubhouse.

The PC controlied the rate of data acquisition. The program was set up to integrate the
pressure data over a 3-minute interval, every three minutes. Pressure readings were
obtained at an interval of 0.65 seconds. The computer clocks were accurately set to
Hawaiian Standard Time (HST) just prior to the start of the program, and the clock times
were carefully compared to HST at the end of the program. The entire data-time record
was then adjusted due to differences in absolute time at the termination of the

2-6
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measurements. The time resolution is expected to be better than + 1 second. The
program was written to auto-start after a power failure, which occurred at the Slip 770

location.

The tide measuring sensors were deployed on November 7, 1991 and retrieved on
December 6, 1991 for a one-month deployment period. Except for a few hours of data
lost at the Slip 770 location due to a power failure, continuous pressure data was
obtained at both locations. Figure 2-8 shows the mean-zero measured tide data from
the Ala Wai Golf Course and Ala Wai Boat Harbor channel entrance locations, as well
as the actual measured tide data at Honolulu Harbor. It is clear from Figure 2-8 that the
tides at the AWC are very similar in amplitude and phase to the tides at Honolulu

Harbor.

Figure 2-8 shows a superposition of the tides at the Ala Wai Golf Course, AWC ocean
entrance and from Honolulu Harbor locations, and indicates the almost identical nature
of the water levels at these three locations. At the scale shown in Figure 29, it is
difficult to determine small tidal phase differences (seconds) between the ocear entrance
and the end of the Canal. The phase relationships in a tidal driven system are very

important drivers to hydraulic flow.

In order to determine accurate phase differences between the two water surface
elevation time series records, the following analysis has been used. First, the data sets
are processed to determine the maximum, minimum and mean elevations, designated
Yaxer Yemin 8N Ymean respectively. An amplitude, &, is defined given by

_ (Viax ~Ymin) (1)

a
2

For each of the time series, a new time series is calculated by removing the mean and
scaling the data by

Y, - (¥) = Yimoan) (2)
a
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y, = the original time series,
Y, = the new time series,
i = the time index.

The procedure now is to slide the Ala Wai Golf Course record with respect to the ocean
entrance record, and minimize the discrepancy between the two time series. A simple

difference ¢, is defined by

€= Ei -+ %(}’M - y,) . (3)

where E; is the ocean entrance data and vy, is the Ala Wai Golf Course data. The
arbitrary phase shift is ¢ and At is the fixed data interval which is 180 seconds (3
minutes). For a fixed phase shift, the sum of the squares of the differences defined by
Equation 3, divided by the number of points, and taking the square root, defines the
Root Mean Sqguare (RMS) deviation between the adjusted time series. The RMS
deviation can be calculated as a function of phase lag ¢. The phase difference between
the two time series is the phase lag ¢ that yields a minimum value of the RMS deviation.

Figure 2-10 shows a plot of the RMS deviation as a function of the phase lag (seconds),
and the minimum value is obtained at a phase lag of 73 seconds. In other words, the
tide at the Ala Wai Golf Course lags the tide at the Ala Wai Boat Harbor entrance

channel by 73 seconds.

The above analysis showing a very small phase lag relationship between the ocean
entrance and inland terminus of the Ala Wai Canal is consistent with the behavior of a
nearly pure standing wave. [n the absence of friction, there should be no phase lag,
and all points in the canal would move in identical phase. It can be shown analytically
that with friction, the Ala Wai Golf Course tide data would lag the ocean entrance time
series. This then allows the adjustment of bottom friction in the computer model to
match the measured phase lag as shown in Figure 2-10.

2-8
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2.3, WATER CURRENT FLOW AND CIRCULATION

2.3.1. Ala Wai Canal Current and Circulation Measurements. Ristorically there have
been very few water current flow measurements in the Ala Wai Canal. Gonzalez (1871)
measured currents during a two day period (June 29 to 30, 1969) at various stations in
the Canal. Current profiles were obtained along the axis of the Canal using Ekman-Merz
current meters. The current measurements were made during the flood tide of June 29,
1969 and during the ebb tide of June 30, 1968. Water temperature and salinity as well
as horizontal currents were measured as a function of water depth at each of the

measurement stations.

The combination of data indicated alternating periods of two-layer and one-layer flows.
puring the two-layer flow, brackish water at the surface flows seaward and out of the
AWC, entraining saline water from below and causing a compensating landward drift into
the Canal in the deep layer. This flow process was primarily influenced by the
magnitude of the fresh water runoff into the Canal, and by wind stresses. Superimposed
on this two-layer system was the tidal flow process. The tidal fiow velocity component
was found to be approximately sinusoidal, leading the tidal phase by 90°, and directed
into the Cana! during flood tide and out of the Canal during ebb tide.

Gonzalez (1971) indicated that the tidal flow in the deep layer was strongly influenced
py the landward drift, which decreased the flow during the ebb tide, and intensified the
flow during the flooding tide. The magnitude of the surface current velocity was
influenced by the magnitude of the fresh water runoff, the size of the tidal range and the

speed and direction of the wind.

in order to quantify water current flow in the Ala Wai Canal, two types of current
methodologies were used. To obtain a long term representation of current vectors at
given locations, 3 current meters were located in the Canal as shown in Figure 2-11.
Due to the very shallow water conditions, InterOcean Model S-4 current meters were
used in order to avoid the influence of oscillatory currents due to wind generated waves.
The S-4 current meters use electro-magnetic current sensors with no moving parts, and
provide true vector-averaged data which is stored in computer memory.

Current meter stations A and B were deployed on March 2, 1992 about 400 feet
jandward of the McCully Bridge along cross-section number 18. The two current meter
moorings were evenly spaced across the width, with Station A located about 1/3 the
width from the makai side, and Station B located about 1/3 the width from the mauka
side of the Canal. The current sensor was located about 2 to 3 feet off the bottom. On
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March 3, 1992, a single current sensor was deployed at Station C, cross-section number
9, in the center of the Canal. On March 20, 1892, all three S-4 current meters were
retrieved. Figure 2-12 provides & schematic description of the current meter mooring
design.

The current data was processed using @ standard in-house format and the resuits are
shown in Appendix B. The S-4 current data clearly show both the strong tidal phase
dependency and the wandward" drift as noted by Gonzalez (1971). Al three current |
meters display very similar patterns associated with the dominance of the inward or
landward flows as provided by the percent frequency of occurrence versus direction and
the progressive vector diagrams. Moreover, the velocity vector stick-plots show the
strong tidal frequency signature, but the outgoing or seaward flow vectors tend to be
much more attenuated than their landward flowing counterpart. During this time period,
the wind conditions were in the light and variable range, with an average wind speed at
Honolulu International Airport of about 5 knots from the east-northeast. Surface runoff
was generally light during this period, with no significant rainfall events.

In addition to current meter measurements, the current flow circulation in the Ala Wai
Canal was measured using current drogues. Current drogues are almost neutrally
buoyant objects which freely move with the current flow, and provide a track of the
marked parcel of water as itis driven by the tides, winds and stormwater inflow. The
current drogues provide additional information on the water flow patterns at locations
different from the deployed current meters.

Within the Afa Wai Canal, 53 individual current drogue deployments were performed
under varying wind conditions (Kona winds, light & variable, and typical tradewind
conditions), varying tidal conditions (flood and ebb tide}, varying surface water runoff
conditions, and with drogues set at difierent depths below the surface. Due to the
shallow water conditions in the Ala Wai Canal, many of the deployments were "surface"
drogues which consisted of 1-gallon plastic containers partially filled with water such that
90% of the container was below water level. In order to evaluate nearbottom circulation,
"bottom" drogues were also deployed with a schematic design shown in Figure 2-13.
Due to the shallow bottom depths in the AWC, the vertical sail height shown in Figure
2.43 was reduced to 3 feet, with the distance from the surface float to the sail set at 2
to 4 feet, depending on the tidal elevation and the deployment location, which provided
a maximum sail depth of 5 to 7 feet below the water surface.

The results of each individual current drogue deployment and discussions of the drogue
results are shown in Appendix B. The current drogue results indicate that there is a very
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distinct and dominant two-layer flow in the Ala Wai Canal. The surface layer flow
direction is strongly influenced by surface water runoff draining into the AWC and the
magnitude and direction of the wind velocity. For example, for light and variable
southerly wind conditions (Kona weather), with minimal rainfall events, the surface and
bottom flows show similar patterns, with flow into the AWC during flood tide conditions
and flow out of the Canal during ebb tide conditions. For conditions during tradewind
events, even for light tradewind speeds, and with minimal rainfall events, the surface
layer tends to flow seaward, independent of the tidal cycle, while the bottom layer
continues to oscillate inconjunction with the tidal phase. For large rainfall events, the
surface water runoff can dominate the surface flow direction, with flow seaward being
the consequence, independent of wind conditions. If the surface water runoff flow is
very substantial, this freshwater inflow could overcome the tidal forces, whereby a
seaward flow would occur at all depths independent of the tidal conditidns.

2.3.2. Coastal Current and Circulation Measurements. In order to quantify ocean

currents in the nearshore coastal waters, both current meter and drogue measurements
were obtained. Current meters were deployed at three nearshore coastal locations, one
centered at the Ala Wai Boat Harbor entrance channel, with the other two meters located
about 3,000 feet Ewa and Diamond Head of this center station, at bottom water depths
of about 60 feet. The selected current sensor was the Aanderaa RCM-4 current meter,
which records current speed and direction, water temperature and water pressure on
magnetic tape at pre-set time intervals.

The three Aanderaa RCM-4 current meters were deployed on September 20, 1991 at the
locations shown in Figure 2-14. Figure 2-15 shows the typical mooring array schematic
design. The retrieval operations for the three nearshore coastal current meters were
carried out on December 20, 1981. During the retrieval operations, only two current
meters were recovered, which were Station 1 and 3 as shown in Figure 2-14. Station
2 located along the centerline of the entrance channel was not found. Divers did find
the mooring anchor weights which restrained the mooring. It is suspected that
vandalism was responsible for the loss of the current meter and its subsurface buoyancy

spheres.

The processed current data from Stations 1 and 3 are shown in Appendix C. A
comparison of the current data recorded at these two stations show great similarity.
This indicates that the current flow processes in this nearshore coastal area of Mamala
Bay are essentially homogeneous, and that the loss of current data from the Ala Wai
Boat Harbor entrance channel location is not critical. The measured current data shows
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a strong correlation with tidal processes, and the currents are primarily oriented along
the bathymetry contours. There is a preference for current flow towards the southeast,
which is parallel to the bathymetry contours, both in terms of the frequency of
occurrence and the magnitude of the current speed. This current flow towards the
southeast occurs primarily during the ebb flow part of the tidal cycle. Due to this
southeast direction preference, the progressive vector diagrams of each of the two
current meters shows a mean drift towards the southeast.

The maximum current speeds recorded during the 3-month deployments were 40.6
cm/sec {0.72 knots) and 55.0 cm/sec (1.07 knots) at Stations 1 and 3 respectively.
These current data sets are very similar to other current data recorded off Waikiki and
Kakaako.

LY

in addition to the current meter measurements, current circulation in the nearshore
coastal area was measured using current drogues. The current drogues utilized for this
effort were essentially identical to the drogues used for current measurements in the Ala
Wai Canal. The "surface" drogues were either 1 gallon plastic containers or the full
extonded sail drogues shown in Figure 2-13. The "mid-depth” and "bottom" drogues
were the fully extended sail length drogues with the distance between the surface float
and the sail adjusted depending on the drogue release water depth.

For the nearshore coastal area, 40 individual current drogue deployments were
performed under varying wind conditions (Kona winds, and light and typical tradewind
conditions), varying tidal conditions (flood and ebb tide), varying surface runoff
conditions, and variable depth drogue settings. The focus of the drogue deployments
was in the area of the Ala Wai Boat Harbor entrance channel and the coastal waters in
close proximity to the entrance channel. Appendix C provides the results of each
individual current drogue deployment and includes discussions of the individual drogue
results.

The results in Appendix C indicate the similar two-layer characteristics of the discharged
flow from the AWC as was shown in Ala Wai Canal drogue measurements. During
moderate and heavy surface runoff discharges into the AWC, the surface layer drogues
exhibit strong seaward velocities, while simultaneously released mid-depth and bottom
drogues in the entrance channel area tend to fiow parallel to the bottom depth contours.
During heavy rainfall events, the surface layer plume discharged from the Ala Wai Boat
Harbor entrance channe! was clearly visible by the sharp boundary line between the silt-
laden brown discharged waters and the clearer green ocean waters. The surface layer
drogue velocities show strong offshore components, which dominated the tide driven

2-12




17

currents that tended to flow parallel to the bottom depth contours.

2.4. DYE, CURRENT PROFILE AND CTD SURVEY

In order to credibly and accurately calibrate the hydrodynamic part of the computer
mode!, information was required on the existing fiushing rates in the Ala Wai Canal. To
provide this important data, direct field measurements of dye flushing rates were carried
out in the AWC. The selected dye was Rhodamine WT, which is a pinkish fluorescent
dye commonly used in ocean circulation and flushing studies. The advantages of
Rhodamine WT dye are associated with the fact that it does not react with other
constituents in the water, does not attach to particles (sediment absorption) and solids
(vessel hulis), and is very stable to photachemical decay. In addition, the fluorescence
can be measured to values as low as 0.1 parts per billion (ppb), thereby reducing the
volume of dye necessary to seed a large body of water such as the AWC.

The dye flushing survey was initiated on March 2, 1992, where Rhodamine WT dye was
diluted and injected into the entire Ala Wai Canal waters between the Kapahulu end of
the Canal and the Ala Moana Bridge during the flooding tide (10:00 am through 3:00
pm). About 5 gallons of liquid dye was pumped into the Canal, evenly distributed by
sections in order to obtain an initial concentration of about 1 x 107, Just prior to the
dye injection, water samples were obtained from the surface, 0.5 meters below the
surface, at mid-depth and 0.5 meters above the bottom at 4 stations in the Canal as
shown in Figure 2-16 in order to obtain background fluorescence concentrations.

Water samples were obtained daily from March 3 to 15, 1992 at the four station
locations and at the four depth levels. The water samples were analyzed for fluorescent
dye concentrations and the tabular resuits are provided in Appendix D. The sample
descriptions in Appendix D are designated by two letters; the first letter is the station
location as shown in Figure 2-16, and the second letter describes the vertical location
within the water column, where S = Surface, T = Top (0.5 meter from the surface), M
= Mid-Depth, and B = Bottom (0.5 meter off the bottom).

The decay rate of a conservative constituent which is initially injected into a semi-
enciosed body of water that exchanges water with the ocean environment and is
dominated by a tidal forcing process, such as a harbor or canal system, can usually be

described by the following:
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C-C,et'lm (4)

where C = the concentration of the dye at time t,
C,= the initial dye concentration at time t = 0,
T = the time constant, or the "flushing time constant".

The flushing time constant, T, has also been referred to as the "e-folding” time (Schwartz
and Imberger, 1988; Brown, et al., 1890) since this is the time that it takes for the dye
concentration to fall to 1/e (0.37) from its initial value, C,.

Taking the natural logarithm (In) of Equation 4 yields

|nc-lnc;-7’_ (5)

Thus, a plot of In C versus time will define a straight line with the slope of the line, as
(t/T) and the intercept at In C,. Note that the value of C, is not related to the flushing
time constant determination, and consequently, it is not necessary to determine C,.
However, the relative changes in the concentration C as a function of time is necessary
to determine the flushing time constant, T.

A more practical representation of the flushing time constant is when the concentration
falls to 50% of its initial value, designated Tg,. Figures 2-17 to 2-20 provide an analysis
of the dye concentration data based on the form of Equation 4, where the straight line
provides the best fit to the data for each of the station locations and depth layer. In
general, the form of Equation 4 agrees well with the dye decay rate in the Ala Wai Canal,
and the flushing time constant is surprisingly consistent throughout the Canal, with
typical Tg, of the order of 40 to 60 hours.

In addition to the water sample measurements for dye, conductivity-temperature-depth
(CTD) and current profile measurements were obtained on March 3, 1992 at the 3 dye
station cross-section locations (B, C and D) shown in Figure 2-16. At each of the 3
cross-sections, CTD and current profile data were obtained laterally across the canal
width at locations about 1/4 the width from the mauka bank, at the center of the canal,
and 1/4 the width from the makai side of the bank, designated locations 1, 2 and 3
respectively. The processed current profile data is provided in Appendix D as a function
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of the station location and time of day. The station number designation such as B2
refers to dye station B in Figure 2-16, and the number 2 refers to the center station.

Figures 2-21 to 2-23 describe the salinity-temperature-depth profiles at each of the
station locations, where salinity is calculated from the conductivity measurements.
Figures 2-21 to 2-23 also show the water density as measured in sigma-T units. The
results in Figures 2-21 to 2-23 clearly show the very distinct two-layer characteristics,
particularly at Station B and C located downstream from the Manoa-Palolo Stream,
where both the salinity and water temperatures vary considerably in the upper 2 to 3 feet
near the surface, and stabilize to near-oceanic salinity conditions in the lower part of the
water column. Notice the temperature variations in the upper layer at Stations B and C
where the near surface temperature is lowest due to the coider, fresh water inflows
primarily from the Manoa-Palolo Stream, mixing with the sun-heated surface waters.
Since the lighter surface fluid is restrained by buoyancy forces to the top layer, the
effects of sun-heating causes the water temperature to reach a maximum in the lower
part of the brackish layer. The temperature and salinity profiles then transition to near
ocean water conditions in the lower depths.

At Station D located between the Manoa-Palolo Stream confluence and the Kapahulu
end of the AWC, the water temperature profiles shown in Figure 2-23 display a
monotonically decreasing function with depth. This indicates the reduced influence of
fresh water inflow into this section of the Ala Wai Canal.

Figures 2-24 and 2-25 show a summarized display of the current speeds in and out of
the Ala Wai Canal as a function of the dye sampling station locations B, C and D (Figure
2-18), and as a function of both water depth and time of day. The multi-layer fiow
characteristics of the AWC are clearly evident in Figures 2-24 and 2-25.

For reference, the wind data from the Honolulu International Airport (HIA) during the
period of the dye study is provided in Figures 2-26 and 2-27. Gonzalez (1971)
concluded that the wind speed and direction data recorded at the HIA were fairly good
indications of the wind vectors at the Ala Wai Canal, for the exposed quadrants of the
Canal. Also, Figure 2-28 presents the discharge flow rates from the Waiakeakua Stream
U.S. Geological Survey (USGS) gaging station. It should be noted that the Waiakeakua
Stream gaging station is located in the very upper part of the Manoa watershed, and
thus provides only a relative indication of the surface runoff discharge conditions.
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CHAPTER 3.0
BIOLOGICAL AND WATER QUALITY ENVIRONMENT

3.1. INTRODUCTION
The Ala Wai Canal is a man-made tida! estuary which serves as the major drainage

conduit for the Waikiki District of Oahu as well as the approximately 16.3 square mile
watershed directly mauka of the Canal (Makiki, Manoa, St. Louis Heights, Palolo, Mailiili,
Kapahulu and parts of Kaimuki and Diamond Head). As the collecting point for this
watershed, the Canal accumulates sediments, nutrients, some heavy metal
contamination, and solid waste trash. The resuits of these contaminations are reflected
in discoloration of the water due to phytoplankton growth and suspended sediments,
and visually objectionable trash; in addition, some incidence of bacterial infections has

been reported.

The original Ala Wai Canal design was part of the Waikiki reclamation project (1918).
The intent of that project was to reclaim the adjacent swamps and marshlands (Waikiki,
Kapahulu and Mailiili) for flood control and sanitary reasons, and the Canal was to serve
as a collection system and siltation basin for runoff and stream flow from the adjacent
watershed. Since that time, the perception of the Canal has changed from being merely
a collection and siltation basin to being an important water feature with potentially great
impact to the surrounding resort and residential neighborhoods. For that reason, the
State of Hawaii desires to study the feasibility of cleaning the Ala Wai Canal to improve
water quality in the Canal to levels acceptable for recreational activities. This objective
could be met by a combination of engineering modifications, including increasing water
flow and circulation in the Canal, while at the same time addressing environmental
concerns, decreasing the sources of pollutants through watershed management, and
establishing routine maintenance and management practices for the Canal.

The primary objectives of this chapter's efforts are to describe the existing environmental
conditions within the Canal, and to provide input data for a hydrodynamic-ecological
model of the Canal. This model wili serve to identify pivotal parameters which affect
water quality within the Canal, and establish targets which can be used to examine the
effectiveness of different engineering alternatives such as routine maintenance measures
(e.g., dredging), improved flushing rates and water circulation in the Canal. In order to
choose the best of several engineering solutions to the water quality issues for the
Canal, a series of water quality samples were collected to characterize the water quality
conditions within the Canal and within the source waters (streams, ground water, ocean
water) for the Canal. These data are analyzed and compared with the available historical
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water quality data base for development of the Canal model.

3.2. METHODS
Water quality samples were collected at sixteen stations within and ofishore the Ala Wai

Canal, and in the major Streams discharging into the Canal (Figure 3-1). Samples were
collected at or near high tide on six sampling days: October 3, November 1, December
3, 1991, January 7, February 8, and March 3, 1992. Samples were collected at three
depths at most stations within the Canal and nearshore marine waters: 0.5 m below the
surface, 0.5 m above the bottom, and at mid-depth. Only surface or surface and bottom
samples were taken at Station 8, the shallow mud flat at the confiuence of the Manoa-
Palolo Stream. Samples within the major streams feeding the Canal were taken at mid-
depth. Samples were collacted with Niskin bottles closed at the targetdepth, or with
500 mi polyethylene bottles for the stream samples. Samples for bacteriological analysis
were collected directly into 100 m! specimen cups and placed in a cooler at ambient
temperature; all other samples were collected into 1 liter poiyethylene bottles and placed
over ice until processed in the lab. Continuous profiles of temperature and salinity were
taken on several dates utilizing a conductivity /temperature/depth recorder with fine (10

cm) vertical resolution. -

Water quality parameters to be measured included those listed in the State of Hawai
water quality standards for open coastal and estuarine waters, and additional parameters
which provide information on ground water sources and influence: temperature, salinity,
total nitrogen, nitrate-nitrite, ammonium, total phosphorus, orthophosphate, reactive
silicate, turbidity, suspended solids, particulate carbon and nitrogen, chlorophyll,
dissolved oxygen, Ph, fecal coliforms and enterococci. The methods used for each

analysis are presented in Table 3.1.

3.3. RESULTS

3.3.1. Mmsﬂﬂﬂ. Continuous profiles of temperature and salinity for selected
stations in the nearshoré marine environment and the Ala Wai Canal on January 7, 1992,
are presented in Figure 3-2. Features seen in the figure are typical for the Canal and
adjacent waters under most tide and wind conditions. Nearshore waters (Station 1)
show patterns of generally vertically uniform temperature and salinity below about 1 m
depth, with a low salinity, higher temperature layer overlying this. The upper layer is the
relatively unmixed outflow of brackish water from the Canal. The salinity profile at Station
3 reflects the greater influence of brackish water near the Canal mouth, with the brackish
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layer extending to 2 m depth and surface salinity as low as 27 ppt. The temperature
profile appears to reflect some degree of solar heating of the upper layer, also seen at
Station 1, with a cooler surface (<0.5 m depth) layer.

. 17

- @

TABLE 3.1

Collection and Analysis Methods for the Ala Wai Canal
Measured Water Quality Parameters

Water Quality Parameter

Collection and Analysis Method

Water Quality Samples

Particulate Carbon

Suspended Solids
Dissolved Oxygen
pH

Fecal Coliform

Temperature Precision thermometer .
Salinity Laboratory salinometer
Nutrients

Total nitrogen Technicon AutoAnalyzer II; D'Elia et al, 1977
NH4 Technicon AutoAnalyzer ll; Solorzano, 1969
NO3/NO2 Technicon AutoAnalyzer II; Technicon Inc., 1877
Total Phosphorus  Technicon AutoAnalyzer Il; Grasshoff et al, 1983
PO4 Technicon AutoAnalyzer II; Murphy and Riley, 1962

il SiO4 Technicon AutcAnalyzer Il; Strickiand and Parsons,

1972
Carbon-Nitrogen Analyzer; Grasshoff et al, 1983

Particulate Carbon-Nitrogen Analyzer; Grasshoff et al, 1983

Nitrogen

Chlorophyll Turner Designs fluorometer; Strickland and Parsons,
1972 :

Turbidity Turner Designs nephalometer; APHA, 1986

Filtration, electrobalance; APHA, 1986
YS! laboratory oxygen meter

Orion digital pH meter

Filtration, incubation; APHA, 1986

Enterococcus Filtration, incubation; APHA, 1986
————— — ——————————————————— ——————— e ——— — ————————————————




Salinity profiles at stations 5, 7, 9, and 12 were generally similar, with a near-seawater
salinity (34.5 ppt) layer extending from 1 m depth to the bottom, and a surface layer of
brackish water, with salinities as low as 15 ppt at stations 5 and 7, and slightly higher
salinity (20 ppt) toward the Canal head. Temperature profiles at these stations were also
similar, with a temperature maximum at about 1 m depth, decreasing toward the bottom
and toward the surface.

3.3.2. Groundwater Budget. The groundwater influx to the Ala Wai Canal was estimated
from profiles of salinity taken at stations 3 - 12 in the Canal on February 8, 1892. For
gach station profile, the volume of fresh water necessary to decrease the salinity from
the maximum observed to that observed at each sampling interval for the CTD was

calculated from the equation *

Sal(obs)

Salimax

where Voly,, is the volume of fresh water (m®) per unit area (m?); Sal gy, is the observed
salinity at each depth interval; and Sal,, is the maximum salinity observed at any
station. The values of Voly,, for each depth interval were summed to give the areal fresh
water at each station (m® m?). The data are presented in the Table 3.2. The channel
cross-sectional (x-section) distance (column 2) was determined from the bathymetric
survey map for each station; the longitudinal (along-axis) distance (column 3) was
determined from the same map for sections defined as being bound by the mid-point
between stations. The sectional fresh water volume (column 7) was calculated from the
areal volume times cross-section distance times sectional length. These values were
then summed to calculate the volume of fresh water contained within the Canal at that
particular time. The volume of fresh water was calculated as 111,053 mS.

Since salinity profiles from different sampling days have been generaily similar, we
assumed that the ground water influx is in steady state with mixing and outflow. Recent
dye studies (Chapter Il.D) provide estimates of the T, (the time to decrease the
concentration of a material by 50%) for the Canal. For ali shallow layers at stations
within the Canal, the T, times were generally 40-45 hours. The daily turn-over rate can
pe calculated from the T, rate, and is estimated to be 33%; i.e., approximately 1/3 of
the water in the canal is exchanged (removed) each day. Thus, at steady state, the
volume of fresh water entering the Canal is approximately 36,647 m° d”’. Assuming that
the influx is relatively constant over the length of the Canal (3,221 m), the calculated

3-4




input per unit length is 11.4 m® m' d, or approximately 4.83 million gallons per day
(mgd) per mile. This daily input rate is similar to that calculated for other islands (1 - 6
mgd per mile). The value is an estimate of the total freshwater inflow to the Canal. it
actually includes both groundwater and stream input, aithough no estimate of fresh water
input by streams was included. However, stream flows during the period of salinity
profiing were low, so the estimate of groundwater influx is probably not a large

overestimation.

TABLE 3.2
Calculation of Groundwater Influx into the Ala Wai Canal.
Channel | Section | Section Areal X-Section Section
Width Length Area fw fw fw
Station (m) (m) (m? (m¥/m? | (m%*m) | (m3/section)
1 685 -— 0.031 21 omee
2 113 ———- ——e— 0.190 21 -
3 71 — 0.300 21 —
4 67 411 27,556 0.316 21 8,708 |
5 60 366 21,919 0.372 22 8,154
6 57 411 23,485 0.495 28 11,625 1|
7 89 457 40,447 0.439 39 17,756
8 89 297 26,290 0.365 32 9,596
9 89 251 22,248 0.471 42 10,478
10 89 331 29,324 0.552 49 16,187 |
11 89 388 34,380 0.560 50 19,253 |
bt 12 80 308 24,659 0.377 30 9,297 "
TOTAL 3,221 | 250,306 111,063 m3/canal
36,647 m3/canal/d
11.4 m3/m/d
IL—— 4.83 mgd/mile
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3.3.3. Water Quality. Results of the water quality analyses for six sampling days are
presented in Appendix E. The nutrient data show that the Canal can be regarded as
having three distinctly different regions, as ilustrated by the plots of dissolved nutrients
against salinity. Figure 3-3 shows the plot of nitrate against salinity for samples from all
six cruises. The data fall into four groups: stations 1-3, outside the Canal proper;
stations 4-8, from the Canal mouth to the confluence of the Manoa-Palolo Stream;
stations 9-12, the head of the Canal; and stations 13-16, the influent streams. These
patterns are more or less consistent between monthly sampling periods for silicate,
nitrate, ammonium and phosphate.

The samples collected in February and March provide particular information on the
characteristics of stream inputs to the system. The data show (see Table &b, Appendix
E for example) that Makiki Stream is primarily a source of high-nutrient water with
characteristics simitar to groundwater (i. e., high silicate, nitrate and phosphate). Water
of this type is found immediately downstream of the stream source during dry weather.
Silicate levels remain relatively constant but leveis of nitrate and phosphate decrease
downstream, possibly due to active uptake by attached algae in the stream bed. In
contrast, Manoa Stream shows the influence of surface runoff. Silicate levels are
relatively low and constant throughout the Manoa-Palolo system (Manoa A-D, Palolo),
indicating relatively low or no groundwater influx. Nutrient levels are very low at the
head of Manoa Stream (Manoa A), and increase downstream. These stream water
characteristics are reflected in the relationships between water quality parameters in the
Canal.

Scatter plots of concentrations of water quality parameters against salinity provide a
means of examining data for processes in addition to conservative mixing. In a piot of
a parameter which is conservative (changed only by dilution, not by external inputs or
uptake) against salinity, the data will fall on a straight line drawn between the end
members of the data set, i. e., those data points which represent the minimum and
maximum salinity values. In the case of groundwater or stream flow into the ocean, one
end member is the undiluted groundwater or stream water (salinity = O, other property
generally high) and the other member is ocean water (salinity 35 ppt, other property
generally low). If there is active uptake of the parameter (for example, algal uptake of
nutrients), the data points will fail below the mixing line. If there is an external source
of the parameter, data points will be found above the mixing line.

The plot of silicate versus salinity (Figure 3-4) illustrates the ideal conservative mixing
pattern. In general, all the data points fall on a line connecting the low salinity, high
silicate groundwater source (sampled in Makiki Stream, Station 13) and the high salinity,
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low silicate oceanic water. Note that stations 15 and 16 reflect water with different
characteristics. These data from Manoa Stream suggest a different source of water in

those streams.

The nitrate-salinity plot (Figure 3-5) again shows the groundwater influence for most
samples and the very different character of the Manoa Stream water. The plot also
shows the increased nitrate levelS in the Station 9 - 12 region, suggesting a terrestrial
source. Note that the high nitrate levels at stations 8-12 are generally in the surface
rather than bottom layer, suggesting @ groundwater-related source rather than bottom-
layer regeneration. Similar patterns are seen in the phosphate-salinity plot.

Nutrient ion concentrations, like Silicate, generally have their highest concentrations in
surface water. The concentrations increase towards the back of the canal up to station
8. From there to station 12 they remain relatively constant. At the Kapahulu end of the
Canal (stations 10-12), ammonium is often elevated in bottom water, while nitrate-nitrite
and phosphate maintain their maxima in surface water. This distribution pattern
suggests freshwater as source of the oxidized nutrients (nitrate-nitrite and phosphate),

while ammonium appears to be recycled in or at the sediment.

However, the correlation of the nutrient ions with silicate varies strongly depending on
their origin. Water from the Mano2 and Palolo streams (Figure E-7, Appendix E, Stations
15, 16) tends to be lower in phogphate than groundwater seeping into the Canal directly
or via Makiki and Apukehau Sstreams (Stations 13, 14). Often, a silicate- (i.e.
groundwater) independent source of phosphate was found at stations 9-12, evidenced

by data points above the conservative mixing line.

The composition of suspended matter varied (Figure 3-6), as indicated by the fack of
consistent strong correlations between its components (chlorophyll, total suspended
matter, turbidity, particulate carbon and nitrogen). Turbidity and total suspended solids
were generally well correlated. Occasionally, high total suspended solids were not
accompanied by high turbidity. Turbidity and chiorophyll were also well correlated. Total
suspended solids tended to increase in bottom water from the mouth towards the end
of the Canal, but varied little in surface water throughout the study area. Turbidity also
tended to increase in profiles towards the sediment. Chlorophyil levels were generally

highest in mid-depth and bottom Sampies.

Fecal bacteria counts appear to be related to surface runoff and stream flow. Highest
numbers were found after periods of rain and increased stream flow. However, the

numbers decreased rapidly in samples with near-seawater salinity.
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3.3.4. Visual Water Quality. The primary aspect of water quality in the Canal which has
been targeted for improvement is water clarity. Water clarity is a function of several
components within the water column: dissolved material which colors the water;
inorganic particulate material such as suspended sediments; and organic particulate
material such as phytoplankton. Dissolved color and inorganic particulate rmaterial are
input to the Canal primarily in stream flows. The majority of these inputs occur during
storm events, and their impacts on water clarity are relatively transient. The majority of
the inorganic sediments input via stream flow are discharged directly to the ocean during
storm flows; some settle to the Canal bottom and may be resuspended under strong
winds and consequent vigorous vertical mixing.

The contribution of phytoplankton biomass to the total suspended salids load was
estimated from relationships between phytoplankton chlorophyl, carbon and dry weight.
Phytoplankton growing under light- and nutrient-replete conditions typically have
carbon:chlorophyll ratios on the order of 50:1 by weight. Such cells also typically
contain 6-7% of dry weight in carbon. By simple multiplication, the ratio of dry weight
to chiorophyll is approximately 715:1. All the paired measurements of total suspended
solids and chiorophyll taken during the six water quality surveys were compiled, the
chlorophyll concentrations were mmuiltiplied by the factor of 715 derived above, and
thereby calculated the percentage of total suspended solids which theoretically was
derived from phytoplankton. The overall mean value was 65%.

The relationships between inorganic and organic particulates and water clarity was
examined on a single cruise. Profiles of light at 0.2 m depth intervals were taken at
stations 4, 6 and 12. At the same time, samples for the determination of chlorophyll and
total suspended solids were collected at 0.5 m intervals. The extinction coefficient for
each depth interval was calculated, and values were plotted against total suspended
solids and chiorophyll (Figure 3-7). Regression equations were calculated for both
curves. For both curves, some points were omitted from the regression calculation. For
the chlorophyll relationship, the omitted data points probably represent samples in which
a large portion of resuspended (non-pigmented) sediment was present. Such points for
the total suspended solids relationship may represent the presence of flocculent material
which adds little to filtered weight, but contributes a significant light attenuation effect.

The values derived from the regression analyses were used to establish target
chlorophyll levels. for the physical-biological model of the flushed Canal. A series of
calculations were performed estimating the water clarity as a function of chlorophyll
concentration. Two cases are presented in the Table 3.3. In one case, the water clarity
is estimated utilizing the regression equation of extinction coefficient versus chlorophyll
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derived from the light profiles. In the other case, a slightly lower intercept value (similar
to that of the extinction coefficient versus total suspended solids regression) but the
same slope value was used. Table 3.3 presents the calculated extinction coefficient ("k")
value for each chiorophyli level. Also included is the estimated Secchi depth ("Secchi").
The Secchi depth is a standard oceanographic measure of water clarity. It is defined
as the depth to which a disk of solid white or alternating white and black quarters can
just be seen. Thus it represents a measure of water clarity to which most people can

relate.

TABLE 3.3
Extinction Coefficients and Secchi Disk Depths
for Various Chiorophyil Concentrations in the Ala Wai Canal

-

ﬁ— k = 0.240 + 0.015 * Chl
chi ") secchi chl Y Secchi
(ug I") ' (m) (kg 1) (m") (m)

1.31 1.30 60 1.14 1.49
30 0.86 1.98 30 0.69 2.46
15 0.63 2.69 15 0.47 3.66
10 0.56 3.05 10 0.39 4.36
|r 5 0.48 3.53 5 0.32 5.40
2 0.44 3.89 2 0.27 6.30
1 0.42 4.03 1 0.26 6.67

Based upon the above calculations, the target for maximum chlorophyll concentrations
in the canal under active flushing has been set at 5 ug I".  Under the relatively
conservative calculation of water quality presented above, the water clarity at a
chlorophyll concentration of 5 pg I would be sufficient to see a light colored object on
the bottom of the canal at a depth of 3.5 m (10 - 12 feet). The calculated water clarity
for the second case may be more applicable, since the decreased regression intercept
value would reflect the dilution and flushing of colored dissolved material and/or
inorganic particulates. Under this scenario, water clarity would be such that a light
object would be seen at depths near 5.5 m (18 feet), and the water clarity in the
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shallower Canal would be perceived to be significantly better than for the first case.

Some of the model runs resulted in chlorophyll levels higher than 5 ug I but less than
10 pg . In those instances where the chlorophyll levels were within this range, water
clarity would be decreased somewhat, but under the more likely chlorophyll-visibility
scenario, a light-colored object would be visible on the bottom even at 10 ug I?

chiorophyll.

3.4. DISCUSSION AND CONCLUSIONS

Water quality in the Ala Wai Canal is determined by its source waters (nearshore ocean
water, groundwater, streams), mixing and tidal exchange, and input from the
accumulated sediment via resuspension and regeneration. “New" nutrients (not recycled
in situ) are derived from groundwater and the streams. Silicate concentrations, an
indicator of groundwater, were usually higher in stream discharge than Canal water, but
occasionally, surface water in the Canal contained concentrations exceeding the stream
loads in the vicinity of discharge, and approached them on other occasions, despite
higher salinity. Seawater dilution of the silicate input to the Canal is conservative, with
steepest gradients in the Canal itself. Lesser gradients in the lowest reaches of the
streams indicate lower silicate concentrations in the stream discharges than groundwater.
Usually there is less silicate in water of the Manoa/Palolo streams than in the Makiki
stream. However, the groundwater component in the streams varies, depending on the
differences in rainfall in their respective water shed areas.

Phosphate ion concentrations are generally well correlated with silicate within the Canal
proper. The distribution of silicate and phosphate in dififerent source waters is not
proportional, however. The highest concentrations of both silicate and phosphate were
observed at the mouth of Makiki Stream (Station 13). The source water for this stream
is apparently undiluted groundwater, and the concentrations in Makiki Stream are
assumed to represent groundwater conditions. Flow in Manca and Palolo Streams is
primarily surface runoff, and the lower nutrient levels reflect this different source. The
lowest concentrations occurred in the confluence of Manoa and Palolo streams, while
dilution gradients were intermediate in the Canal itself.

In the Ala Wai Canal, not all the phosphate followed the simple physical dilution model
observed for silicate. At the Kapahulu end, high phosphate concentrations often
occurred in bottom samples with high salinity and low silicate concentrations; high
ammonium leveis were noted in the same samples. The Kapahulu end of the Canal
serves as a trap for particulate materials. High organic matter and microbia! activity
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cause oxygen deficiency in bottom water. Microbial activity releases regenerated
nitrogen (as ammonium) and phosphate into the interstitial waters. Phosphate appears
to be released from the sediment, like ammonium. Turbulence is not a likely physical
mechanism for these releases. There are no waves and recreational activity (canoe
racing) is infrequent. Rather, the release is likely through a process of simple diffusion
from high concentrations in interstitial water to the overlying Canal water. The high
proportion of phosphate to silicate in the Makiki and Apukehau streams probably reflects
the groundwater ratio of these ions more closely, than that found in the Canal.

Nitrate-nitrite concentrations follow the distribution pattern of phosphate in the streams,
but not in the Canal. Here, only low source concentrations of phosphate are correlated
with low nitrate-nitrite concentrations. High source concentrations of nitrate-nitrite and
phosphate occur independently of one another. The steepest nitrate-nitrite to silicate
gradient (approximately 1/6, i.e., the highest apparent nitrate-nitrite concentration in
groundwater) was observed commonly at the far end of the Canal, where freshwater
made up only 10% of the volume. Groundwater is not the only source of this nitrate.
The nitrate-salinity plots (Figure 3-3) show evidence of nitrate in addition to that provided
by groundwater (i. e., data points above the conservative mixing line). Since these high
nitrate values occurred in surface water, while bottom water was shown to be increased
in regenerated ammonium, a source other than the sediments is required. One possible
source is percolation of nutrients added to the adjacent Ala Wai Golf Course.
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CHAPTER 4
HYDRODYNAMIC AND WATER QUALITY MODELING

4.1. INTRODUCTION AND MODEL DESCRIPTION
One of the primary objectives of the extensive oceanographic field measurement
program in the Ala Wai Canal was to provide the necessary field data of existing

conditions in order to calibrate and verity the numerical model results.

The selected model for this project was the two-dimensional, lateraliy averaged
hydradynamic and water quality mode! CE-QUAL-W2, developed by the Environmental
and Hydraulics Laboratories, U.S. Army Engineer Waterways Expenment Station (1988).

For specific details on the analytical basis, development and operation of the model, the
reader is directed to the operations manual described in the previous reference. A brief
summary of the capabilities of the CE-QUAL-W2 model are provided below for general

information.

CE-QUAL-W2 is a numerical computer model which describes the vertical and
longitudinal distributions of thermal energy and selected biological and chemical materials
in a water body as a function of time. It numerically simulates the dynamics of up to 20
water quality constituents in addition to water temperatures and circulation patterns. The
model calculates the in-pool water volumes, Surface elevations, densities, vertical and
longitudinal velocities, temperatures, and constituent concentrations as well as
downstream release concentrations. These computations require an extensive input data
base that includes initial conditions, canal geometry, physical coefficients, biological and
chemical reaction rates, and time sequences of hydrometeorological and in-flowing water

quality quantities.

CE-QUAL-W2 is an unsteady free-surface model that handles variable density effects on
the flow field. The model solves for the surface elevation implicitly, thus removing the
restriction of the Courant gravity wave criterion, thereby permitting the use of longer time
steps and the simulation of reasonable time periods for practical applications. The
model simulates the interaction of physical factors (such as flow and temperature
regimes), chemical factors (such as nutrients), and an algal assemblage. The
constituents are arranged in four levels of complexity, permitting flexibility in model
applications. The first leve! includes materiais that are conservative, non-interactive, or
do not affect other materials in the first level. The second level allows the user to
simulate the interactive dynamics of oxygen-phytoplankton-nutrients. The third level
allows simulation of Ph and carbonate species. The fourth level allows the simulation
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of total iron, Table 4.1 describes the constituents in each of the 4 levels,

TABLE 4.1
CE-QUAL-W2 Levels of Water Quality Constituent Simulations
Level 1 Level 2
Conservative tracer Labile dissolved organic matter
Inorganic suspended solids Refractory dissolved organic matter
Coliform bacteria Phytoplankton
Total dissolved soiids or salinity Detritus

Phosphate-phosphorus
Ammonia-nitrogen
Nitrate-nitrogen
Dissolved oxygen
Organic sediments

Level 3 Level 4
Dissolved inorganic carbon Total iron
Alkalinity
Ph
Carbon dioxide
Bicarbonates
Carbonates

CE-QUAL-W2 incorporates the capability of including head or flow boundary conditions,
branches, multiple lateral inflows and withdrawals, and other features that allow
applications to a wide variety of situations. Some of these attributes are listed below:

(o] Two-dimensional (laterally averaged) simulations of temperature, constituents, and
flow fields.

o] Hydrodynamic computations infiuenced by variable water densities caused by
salinity, temperature, and dissolved and suspended solids.

o] Simulation of the interaction of numerous biological and chemical factors affecting
water quality.




[
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0 Allowance for multiple inflow loadings and withdrawals from the following sources.
* Tributaries.

Paoint and non-point loadings.

Precipitation.

Branch inflows.

Outflow through a dam.

* * %

(o] Simulation of multiple branches.

o] Allowance for a sequence of time steps.

o Simulation for flow or head boundary conditions in-order to simulate reservoir and
estuarine conditions. Ny

(o] Simulation of circulation patterns.
o] Simulation of evaporation in the water balance.
o) Heat transfer computations.

4.2. VERIFICATION OF EXISTING CONDITIONS

4.2.1. Hydrodynami nd Level 1 Constityent The initial model verification process
involved only the hydrodynamic portion of the 2-D CE-QUAL-W2 computer program. In
order to verify the performance of the hydrodynamic output from the 2-D model, a series
of simple geometric canal configurations were initially tested. These tests included a
simple straight dead-ended channel, constant depth and rectangular cross-section
geometry, no vertical variations in density, with sinusoidal tidal fluctuations at the open
boundary. The hydrodynamic output results for the 2-D model were compared with
results from an existing, in-house 1-D hydrodynamic model, and the comparison was
very good. The 1-D mode! has been verified by comparisons with analytic solutions for
very simplified conditions, and this model has been used extensively in past modeling

projects.

Besides the comparison of the water surface elevations and the flow velocities as a
function of time, dye tracer half-life flushing time constants, T, were very similar in the
1-D and 2-D model results. Additional verification tests were performed using more
complicated physical configurations, including lateral tributary in-flows and multiple
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branches, and the output results from the 2-D mode! compared very well to the in-houss
1-D hydrodynamic model. The results of this extensive verification process showed that
the 2-D hydrodynamic model produced very similar results as the 1-D hydrodynamic
model for typical expected flow conditions in the Ala Wai Canal.

Following the initial hydrodynamic performance verification process, the calibration
process for the existing physical geometry of the AWC was performed. While the Ala
Wai Canal between the Ala Moana Bridge and Kapahulu terminus is the focus of the
present study, the modeling must include the Ala Wai Boat Harbor and the entrance
channel to the ocean, in arder to fully understand the hydrodynamics and water guality
effacts within the entire system. Based on the Ala Wai Boat Harbor hydrographic chart
and the bathymetry data shown in Figure 2-4, the physical geometry input data file was
developed at mode! segment locations shown in Figure 4-1, with segrﬁent lengths of
about 200 feet. Note that the segment numbering system is not continuous. The
segments shown in Figure 4-1 are physically continuous, but for internal computation
purposes the 2-D model requires "virtual” segments at the end of each branch. The Ala
Wai Golf Course drainage channel and the Makiki Stream were modeled as tributaries,
while the Manoa-Palolo Stream was treated as either a tributary or a branch in the final

runs.

While the model is laterally averaged, the model allows the input of the width of the
layer, thus, simulating the partial 3-dimensional aspect of the flow processes. Due to the
very shallow water characteristics of the Ala Wai Canal near the Manoa-Palolo Stream
confluence, a layer thickness of 1 foot was selected. For typical hydrodynamic runs, the
vertical dimension was divided into 26 1-foot layers, two layers existing above mean sea
level (MSL), in order to simulate the water depths in the Ala Wai Boat Harbor entrance

channel.

The first task in the calibration of the 2-D mode! using existing conditions was to adjust
the bottom friction coefficient to provide the same phase lag value as was measured
during the tide measurement program. In anticipation of future calibration runs, instead
of using a sinusoidal tidal boundary condition at the ocean entrance, the actual tidal
water surface elevation between March 1-15, 1992 was utilized. After an interactive
computation process, a Chezy coefficient of 35.0 m'?/sec was found to provide a
similar phase lag of about 73 seconds. This Chezy coefficient was then used throughout

the following modeling calculations.

The next task effort in the hydrodynamic calibration process was to compare the results
from the 2-D model with the field measured data from the dye, CTD and current
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measurement program. This required that the 2-D model include wind stress forces and
tributary in-flow components into the Ala Wai Canal model. From the data shown in
Figures 2-26 and 2-27, the vector-averaged wind speed at HIA during the period March
1.15, 1992 was 4.1 knots from 70° T which is a light tradewind condition. During the
dye flushing survey, it was noted that the wind direction tended to blow from a more
easterly direction, probably directed by the adjacent tall building structures surrounding
the AWC. Thus, a nominal 5 knot, East wind condition was used in this phase of the
calibration process.

Based on watershed sizes and relative to the Waiakeakua Stream as shown in Figure
2.28, and water quality field measurements shown in Appendix E, the Manoa-Palolo
Stream inflow was selected to be 10 ft*/sec (cfs) with a salinity of 0 parts per thousand
(ppt) and a water temperature of 25° C. The Makiki Stream inflow was ‘selected to be
1.0 cfs, with a salinity of 0 ppt and a water temperature of 25°C. Groundwater inflow
was selected to be 1.5 cfs, with a salinity of 19.2 ppt and a water temperature of 25°C.
For modeling purposes, this groundwater inflow has been assumed to enter the AWC
through the Ala Wai Golf Course drainage channel. A diurnal, sinusoidal air temperature
variation was selected from 19° to 29.5°C, with the peak temperature occurring at noon.
The vertical salinity and temperature profiles at the ocean entrance were selected from
the field data provided in Appendix E. Finally, the actual tidal variations at the ocean
entrance during March 1-15, 1992 were imposed at the ocean entrance. Table 4.2
summarizes the 2-D model hydrodynamic calibration conditions.

For comparison purposes, Figure 4-2 shows a graphical plot of the $-4 measured
current vectors during the dye study, March 2-11, 1992, where the vectors have been
rotated relative to the Ala Wai Canal axis, so that the outward (upper quadrant) and
inward (lower quadrant) flows are easily defined. Figure 4-3 provides a comparison of
the flow velocities at each of the 3 current meter locations shown in Figure 2-11 with the
computer calculated velocities at the appropriate station and layer locations. In general,
the measured and model-calculated velocities agree very well as shown in Figure 4-3.

Figure 4-4 shows the comparison of the measured (center location 2, Figure 2-11) and
2-D model-calculated salinity profiles at Stations B, C and D. Even though real tidal
glevation boundary conditions were utilized beginning on March 1, 1992, the calculated
salinity constituent stabilized very rapidly, such that only about 3-4 tidal cycles were
necessary to reach a quasi-steady state condition. The results described in Figure 4-4
show a very reasonable correlation with the field measured results.
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TABLE 4.2
CE-QUAL-W2 Model Hydrodynamic Calibration Parameters

Tidal Boundary Predicted tides starting at 3:00 am,
Conditions March 1, 1992
wind Vector 5 knots from the East

Air Temperature Diurnally sinusoidal, 19°C at midnight to 28.5°C
at noon

R

Chezy Coefficient | 35 m'/%/sec

Dye Tracer Injected at 2:00 P March 2, 1982
Time Step 100 seconds ]
Tributary Water Inflow a‘

Ala Wai Golf
Course Stream Manoa-Palolo

(groundwater) Stream

Makiki Stream

Parameter

Fiow Rate (cfs) 1.5 10.0 1.0
Salinity (ppt) 19.2 0.0 0.0
Temperature (°C) 25.0 25.0 25.0

Figure 4-5 shows the comparison of the measured and 2-D model-calculated water
temperature profiles at the 8 AWC water quality station locations shown in Figure 4-8,
While the 2-D model data have been calibrated for conditions that occurred during the
March 2-15, 1992 dye study period, the measured water temperature data for both
February 8, 1992 and March 3, 1982 from 0IC have been plotted in Figure 4-5. The
resuits in Figure 4-5 show a reasonable correlation with the range of measured water
temperature data between February and March 1892.

Figures 4-7 to 4-10 describe the comparison of the measured dye concentration ratio
versus the 2-D model-predicted dye concentration ratio based on the highest dye
concentration values after the start of the dye measurement program. Besides the field
measured and 2-D model-predicted dye concentration ratios, the best-fit slope to both
dye concentration ratios are provided in the figures. in general, the 2-D mode!-predicted
dye decay rates are similar to the field measured values.

4.6
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Based on the results of the above calibration effort, the 2-D hydrodynamic and mixing
processes compare very favorably to the field measured results, thus confirming the
validity of the 2-D hydrodynamic model.

4.2.2, Biological an ter lity Pr . In the biological and water quality

calibration process for the 2-D model, the previous hydrodynamic calibration parameters
shown in Table 4.2 remained constant, except that for the tidal boundary condition at
the ocean entrance, a sinusoidal tide was used with a tidal range = 1.3 feet (amplitude
= 0.65 feet) and a wave period of 12.42 hours. The tidal range of 1.3 feet corresponds
to an average tidal range. Preliminary test runs indicated that the biological and water
quality processes had relatively long transient die-off times. Consequently, in order to

"datermine when a well defined steady-state condition had been reached a sinusoidal tidal

wave was used.

Table 4.3 from the CE-QUAL-W2 user's manual (Environmental and Hydraulics
Laboratories, UJ.S. Army Engineer Waterways Experiment Station, 1986), shows the
various interactions between constituents. Since one of our primary interests is algae,
Table 4.3 provides the constituents that have both primary and secondary effects on
algae dynamics. At the initiation of the biclogical and water quality calibration effort, 14
constituents were modeled. During the evaluation process, some of the constituents
were found to have very little or no affect on algae, and in the final runs, some of these
constituents were deleted from the modeled constituent list. The following provides a
listing of the initial list of 14 constituents and a description of its status during the final

calibration and production runs.

1) Tracer: This constituent was used as a hydrodynamic calibration parameter and
has been included to provide checks on the model resuits.

2) Suspended solids: This constituent was found to have little affect on other
constituents, Measured total suspended solids (TSS) data from OIC (Appendix
E) was used to represent this constituent.

3) Coliform: This is an independent constituent which does not affect any other
constituent. While this parameter was included, its performance was not
monitored.

4) Salinity: This constituent was modeled and also served as a calibration
parameter.




5)

6)

7)

8)

9)

10)
11)
12)

13)

14)

As shown in Table 4.3, for each of the above selected ¢
interactive relationship between the dynamic parameters needs
model through the application of input coefficients and rate
associated with the analytical form of the interactive re
are very voluminous, and the reader is referred to the User’'

Dissolved organic matter (fabile): This constituent was included in the model, but
was not controlled by in-flow conditions (initial concentrations initially 0 and in-flow
concentration = 0), nor monitored since there was no measured data. DOM
(labile) was found to have very little effect on other constituents.

Dissolved organic matter (refractory): This constituent was initially inciuded, but
evaluation runs indicated that this parameter did not infiuence other constituents.
Thus, DOM (refractory) was excluded from all production runs.

Phytoplankton (algae): This constituent is the target constituent in the biological
and water quality modeling effort.

Detritus: This constituent was found to have little effect on the other constituents.
Detritus was included in the model but not controlied by in-flow conditions nor

monitored in the model output.

Phosphate: This is an important constituent associated with phytoplankton
growth.

Ammonia: This is an important constituent associated with phytoplankton growth.
Nitrate: This is an important constituent associated with phytoplankton growth.

Dissolved oxygen: This constituent was included in the model.

ally included, but evaluation runs indicated

Sediments: This constituent was initi
sediments were

that this parameter did not influence other constituents Thus,
excluded from all production runs.

Inorganic carbon: This constituent was inciuded in the model.

onstituents to be modeled, the
to be specified in the 2-D
constants. The details
lationships between constituents
s Manual for these details.
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The actual calibration process was initiated by inputting the required listing of coefficients
and rate constants as requested of and provided by O! Consuitants. The process then
continued by comparing the output at the 8 biological/water quality station locations in
the AWC as shown in Figure 4-6, with the field measured data. The primary comparison
parameters were chlorophyll (algae), orthophosphate (PO,), nitrate (NH,), ammonia
(NO,), and dissolved oxygen (O,).

The difficuity with this process was that there were a very large number of constituents
to evaluate, as each relationship between constituents required a large number of
interactive coefficients and rate constants, and with the possible variation in the input
flow parameters and concentrations during the field measurement program, the possible
combinations and permutations were staggering. The selected methodology to
effectively calibrate the model was to perform a "brute force" approach, where the
sensitivity of each major constituent was evaluated by a sensitivity analysis of the input
coefficients and rate constants. After many runs (fiterally hundreds), an understanding
was developed as to the sensitivity of the constituent concentrations versus the input
parameters. On this basis, discussions with OIC personnel served to focus on those
input coefficients and rate constants that were both realistic and produced good
correlation with the field measured data.

The results of this extensive 2-D model biclogical and water quality calibration process
finally produced a set of input parameters which provided good results when compared
to the field measured data. The listing of the bioclogical and water quality inflow and
boundary conditions are provided in Table 4.4.

For reference purposes, a list of the coefficients and rate constants for the interaction
relationships between constituents are provided in Table 4.5. For the specific definitions
of the individual parameters, the User's Manual should be consulted.

Figures 4-11 to 4-18 show the final calibration results using the Table 4.2, 4.4 and 4.5
coefficients. Figure 4-11 shows the comparison between the field-measured and 2-D
model-predicted chlorophyil concentrations at the 8 water quality station locations. The
2-D model resuits are provided after 12 tidal cycles of calculations. In general, the
chlorophyll results agreed reasonably well with the field measured results, particularly for
the March 3, 1982 measurements.

Figure 4-12to 4-15 describe the comparison between the field-measured and 2-D model
calibration results for PO,, NH,, NO, and O, respectively, at the 8 water quality station
locations. For reference purposes, Figures 4-16 to 4-18 provide a graphical

4-10
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1o

representation of the horizontal current vectors, water salinity and water temperature
respectively, as a function of segment locations along the entire modeled system,
variations with depth and variations with tidal cycle phase. These types of
representations quickly provide an overall view of the dynamics of the entire system.
The segment numbers can be referenced to the locations shown in Figure 4-1. These
types of graphical representations will represent a standard output format for all other

2-D mode! runs in this report.

In general, the extensive calibration process has clearly shown that the dynamics of the
AWC, both hydrodynamically and biologically, are very complex both in time and space
(both vertically and longitudinally). The 2-D model calibration results provide reasonable
agreement with the field-measured values, and provide a verification of the ability of the
CE-QUAL-W2 model to represent the complicated processes in the Ala’'Wai Canal.

TABLE 4.4 _
CE-QUAL-W2 Model Biological-Water Quality Calibration Parameters
i Tributary -V\Eer Characteristics
Ala Wai Golf | Manoa-Palolo
- Parameter Course Stream Makiki Stream
Suspended Solids kg/m° 0.0 3.0 2.0
Coliform units/100 ml 0.0 400.0 290.0
Chlorophyll kg/m?® 0.0 0.0 0.0
PO, kg/m® 0.28 0.031 0.1395
NH, kg/m® 0.0112 0.0112 0.0112
NO, kg/m® 0.56 0.252 0.56
0, ka/m® 6.0 6.0 6.0
Dissolved Organic Matter
kg/m® 0.0 0.0 0.0
Detritus kg/m® 0.0 - 0.0 0.0
Inorganic Carbon kg/m?> 0.0 1.1 1.0
Solar Radiation = 3.583E-6 °C*m/sec
Time Step = 100 sec

4-11




CE-QUAL-W?2 Interaction Coefficients and Rate Constants

TABLE 4.5

Hydraulic Parameters
DATA PARA- DATA PARA-
INDEX METER VALUE UNITS INDEX METER VALUE UNITS
wpP AX 0.0 MeM/S CHZY aso SOFATM /S
Dxi 0.0 M*M/S BETA 0.01 —
pxc oo M*M/S GAMMA 1.01 T[]
Chemical and Biological Parameters
DATA PARA- DATA PARA- DATA PARA-
INDEX METER VALUE UNITS INDEX METER VALUE UNITS INDEX METER VALUE UNTS
RA Q10C00L 104 — RS TRFROK 0.08 1/D Q XPO4K1 [+ A e
TOOLDK 1.0 1/0 TOOMRF 0.08 1/D XPO4K2 0.89 —
TBSETL 20.0 M/D DOMCNT 0.3 - XPOAKD 0.08 -
RB DC2 0.2045-00 M*M/S TSEDOK 0.0% 1D XPO4KA 0.1 —
DMCO2 0,204E-1Q MeM/S RK DOMT %0 c RR TCONREL 03 ° G/MeM-D
RC EXCO 0.2 1M oOMT2 0.0 c CNT1 1.0 [+
EXTINS 0.1 L/M-mg DOMK1 0.1 -— CNT2 5.0 c
EXTINP 0.1 L/M-mg DOMK2 0.68 — CNT2 35.0 c
ALDIGO o8 — RL NHaT1 5.0 c CNT4 40.0 c
RD TPIMAX 2.0 1/0 NHAT2 300 [+ RS CNKY B ] .
TSETL 0.2 M/D NHAKT L% -— CNK2 0.68 —
PSPO4 0. mg/L NHIK2 (31} — CNK3 0.58 —
PS2N 0.09 mgjL AM NOSTY 20 c CNK4 0.1 —
RE PISAT 13.0 WiMM NOAT2 250 c RT TEODx 2.0 G7MM-D
TPEXCR 0.0 1/D NO3K1 0.1 - 1900 54,0 s
TPMOAT 0.03 10 NOOK2 0.9 —-— RU SO0DT1 1.0 c
TPAEEP 02 1/0 RN ADSRBP 20,0 MM*M/C 80072 8.0 c
RF ALGITY 10,0 c ADSRBN 2.0 MeM=M /G S0DT 8.0 [+
ALG1T2 25.0 c ADMAXP 0.001 G/a 800T4 40.0 c
ALGITI 28.0 [ ADMAXN 00003 G/G RV 500DK1 0.t -
ALG1T4 5.0 c =] o2nHS 4.57 - SODK2 .92 -
RG ALGKY 0.1 — CROET 1.4 — SO0 0.88 —
ALG1K2 0.85 — C2RESP 1.1 — SODKA 0.1 -
ALGHO 0.88 — O2FAC 1.4 —— SFCO2 1.4 —
ALG1KA G.1 — 0200M 1.4 - RW BIOoP 0.00% —
RAH TOSETL 25 M/0 OXYLUM X ] mg/L Bioc 0.45% -
oETTY oo [ RP TXPARE D01 GiMM-D 0.08 -
| DETT2 0.0 [+] XPO4ATY 1.0 =] RX TFESET [+ &) M/D
DETK? 0.1 - APO4T2 5.0 c TFEREL 20 G/ M-D
DETKR 0.08 — XPO4TA as.o c FEFACT 1.5 -
] TOOMDK 0.1 /D XPO4T4 2] c
TNHIOK 0.1% 1/0
TNOIDK o008 1/D
TDETDK 0.09 /D
NOTE: The abbreviations used in the above table are defined as follows:

C - °C, D - Day, G - Gram, L - Liter, M - Meter, mg - Milligramn,
S - Second, SQRT - Square root, W - Watt
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- 4.3. EVALUATION OF DESIGN OPTIONS TO IMPROVE WATER QUALITY

— 4.3.1. Introduction. The fully calibrated 2-D mode! can now be used to evaluate

various alternatives to improve the water quality in the Ala Wai Canal. The range of

_ options include the following:

- o Injecting seawater into the Kapahulu end of the AWC, where the source of the

' seawater is the nearshore, coastal waters.

j’: '— o Injecting water into the Kapahulu end of the AWC, where the source of the water
is groundwater.

S .

b o Injecting seawater and withdrawing canal water at the Kapahulu end of the AWC,

as a function of the tidal cycle.

o Withdrawing canal waters from the Kapahulu end of the AWC and discharging into
= nearshore waters.

et o] Connecting the Kapahulu end of the AWC to Waikiki Beach using a box culvert
with a free surface.

“ 0 Dredging the AWC between the McCully Bridge and the confluence of the Manoa-
Palolo Stream.

" o) Filling in the deep basin between the confluence of the Manoa-Palolo Stream and
the Kapahulu end of the AWC.,

1 Based on the recommendation in Chapter 3.0, the primary criteria to evaluate water
e quality in the AWC was the concentration of chlorophyll in the water column.
s Specifically, a chlorophyll concentration of between $ to 10 pg/liter was selected as
- target values. Any option which exceeded 10 pg/! was considered unsatisfactory.

i The following sections describe the 2-D model results for the above described options
" to improve the water quality in the Ala Wai Canal.

I3
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4.3.2. Base Case Conditions. For evaluation purposes, a ‘Base Case" has been
defined in ordser to provide a relative standard for comparisons with improvement
options. The Base Case is defined by the conditions shown in Tables 4.2, 4.4 and 4.5,
except that zero wind speed conditions are imposed. Figures 4-19 to 4-26 show the
standard output format from the 2-D model for chlorophyll, PQ,, NH,, NO,, O,, horizontal
velocity, salinity and water temperature, respectively. Due to the large volume of output

figures available for each 2-D model run, in general the graphical output displays will be

limited to chiorophyll concentrations and horizontal velocities, and these figures will be
provided in Appendix F in order to provide reading continuity.

Table 4.6 shows the chiorophyll concentration (ug/1) results for the Base Case (BC), the
BC with a 5 knot tradewind (from the East), and the BC with a § knot Kona wind (from
the West-Southwest) at the 8 water quality station locations and a harbor location.

The harbor location that has been selected for the display of chlorophyll concentrations
is segment number 90 (“Harbor Station") shown in Figure 4-1, which is located at about
half-way between the ends of Branch 5, and provides a representative condition in this
branch. Evaluations of the chiorophyli concentrations in Branches 3 and 4 indicate that
Branch 5 yields higher concentration values. While the objectives of the present study
are not focused on improving the water quality in the Ala Wai Boat Harbor, it is important
that any recommended option does not significantly degrade the water quality in this
marina complex. Consequently, the "Harbor Station" has been displayed to evaluate the
water quality consequences in this important basin area.

The vertical position descriptions shown in Table 4.6 represent the Top, Middle and
Bottom layers in the model at the given station locations, while the maximum (Max)
designation represents the maximum chiorophyll concentration in the water column.

The Base Case with the 5 knot tradewind conditions represent the calibration case and
the results are shown in Figures 4-11 to 4-18. The results for the Base Case witha 5
knot Kona wind condition are shown in Figures F-1 and F-2 in Appendix F for the
chlorophyll concentrations and horizontal velocities respectively.

In general, the extensive calibration process has clearly shown that the dynamics of the
AWC, both hydrodynamically and biologically, are very complex both in time and space
(both vertically and longitudinally). The 2-D model calibration results provide reasonabie
agreement with the field-measured values, and provide a verification of the ability of the
CE-QUAL-W2 model to represent the complicated processes in the Ala Wai Canal.
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TABLE 4.6
Chlorophyll Concentrations for Base Case, and BC with 5 knot Tradewind and Kona
Wind Conditions

- ~ Station Number
Description Py 5 6 7 9 10 11 | 12 | Harbor

Base Case (BC)

TOP| 11.79 | 13,57 [ 19.10 {19.11
MIDDLE| 1.85 | 1.66 | 5.59 [14.00
BOTTOM| 095 | 098 { 143 | 1.84
MAX | 11.79 | 13.57 | 19.10 | 19.72

BC & 5 kt Tradewind

TOP| 7.63 | 9.15 | 16.88 | 17.66 | 24.56 | 39.34 | 41.80 | 43.81 4.22
MIDDLE| 162 | 112 | 339 | 7.85 |15.60 | 9.42 | 10.88 | 39.14 2.42
BOTTOM| 083 | 083 ] 114 | 1.39 | 545 | 6.09 | 9.60 |31.68 1.09
MAX| 763 | 915 (1688 |17.66 |27.95 | 39.34 {41.80 {43.81 4.22

BC & 5 kt Kona Wind .
TOP| 8.87 |12.38 | 1596 {1570 | 1534 |17.20 | 17.81 | 25.92 5.29

MIDDLE| 1938 | 2.21 7.02 {13.82 | 17.26 | 15.31 | 16.09 | 30.67 1.79
BOTTOM| 090 | 097 | 1.88 | 296 |13.29 | 11.52 | 12.32 | 25.06 0.88
MAX| 9.87 | 1238 | 1596 |16.99 |17.96 | 18.32 | 19.41 | 30.67 5.29

The results shown in Table 4.6 indicate that the Base Case represents the worst case
situation for chlorophyll concentrations. It is interesting to note the differences in the
vertical structure and longitudinal variations in chlorophyll concentrations as a function
of the direction of the wind velocity. The surface layer chlorophyll concentrations
improved during light Kona wind conditions as compared to light tradewind conditions,
but the opposite is true in the lower water column. The difference in circulation is
evident in the display of the horizontal velocities.

4.3.3. Injectin water into th bt f the AWC. The design concepts
which inject seawater into the Kapahulu end of the AWC include laying a submerged
pipeline in the Ala Wai Canal with the intake located in the entrance channel of the Ala
Wai Boat Harbor, and constructing a pipeline completely i.mdergrognd from the Kapahulu
end of the AWC to a location off Waikiki Beach using a directional drilling methodology.
Figure 4-27 provides a schematic description of these two seawater injection system
concepts. While other design concepts could be envisioned, all these design concepts
are essentially identical in the 2-D model results, since the source water characteristics

are assumed to be identical.
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Based on the water quality characteristics obtained at Station 1 (Appendix E) located
outside of the Ala Wai Boat Harbor entrance channel, Table 4.7 shows the selected
water quality characteristics for the source seawater to be used to fiush the AWC.

TABLE 4.7
CE-QUAL-W2 Seawater Inflow Characteristics

sy

—.—_T—'-: — =
Seawater Seawater
Parameter Characteristics Parameter Characteristics

Temperature °C 23.0 NH, kg/m® 0.0

Salinity ppt 35.0 NO, kg/m’ " 0.0013

Suspended Solids 0.0 0, kg/m® 6.0

(SS) kg/m’

Coliform units/100 m! 0.0 Dissolved Organic 0.0
Matter kg/m°

Chiorophyll kg/m?® 0.00016 | Detritus kg/m* 0.0

PO, kg/m® 0.004 Inorganic Carbon 0.171
kg/m3 .

A variety of seawater flow rates (10, 20, 30 and 40 cfs) were injected into the Kapahulu
end of the AWC and the chlorophyll resuits are shown in Table 4.8. In Table 4.8, the
10 cfs seawater inflow at the Kapahulu end of the AWC yields a maximum chlorophyll
concentration of 16.4 ug/l at Station 12, with maximum concentrations greater than 10
pg/! throughout most of the Canal. Thus, this flow rate is considered insufficient to
develop satisfactory water quality in the AWC. Seawater injection flow rates of 20 - 40
cfs produce satistactory water quality resulits, based on our requirement that the
chlorophyil concentration be less than 10 ug/l

To test the sensitivity of the chlorophyll concentration results to light tradewind and Kona
wind conditions, the 5 knot tradewind and 5 knot Kona wind conditions were run for the
20, 30 and 40 cfs seawater injection cases and the results are shown in Table 4.8. The
results in Table 4.9 indicate that while the overall concentrations of chiorophyll are
slightly reduced when either of these light wind conditions are imposed, the reductions
are not uniform throughout the canal, both longitudinally and vertically. In other words,
at different depths and different locations in the AWC, the concentrations of chlorophyll

4-16




could be either higher or lower than its no wind, Base Case condition. The important
conclusion drawn from Table 4.9 is that the chlorophyll concentrations in the AWC, when
there is a reasonable seawater injection at the Kapahulu terminus, is somewhat
insensitive to light wind conditions.

TABLE 4.8
Chlorophyll Concentrations for Base Case with 10, 20, 30, 40 cfs Seawater Inflow

W
|| Station Number

Description

BC & 10 cfs Seawater Inflow
TOP| 8.27 7.08 9.67 959 9.79 | 11.17 | 12.08 } 15.83 3.51

MIDDLE| 152 | 1.47 | 398 ] 857 | 945 | 7.98 | 1048 | 1442 1.43
BOTTOM| 093 | 098 | 144 | 190 | 578 | 665 | 942 | 0.16 0.88
MAX| 627 | 7.08 | 9.67 | 10.31 | 11.45 | 12.01 | 12.57 | 16.40 3.51

BC & 20 cfs Seawater Inflow
TOP | 3.47 3.66 4.24 4,09 4.24 4.71 4.95 6.26 2.37

MIDDLE| 137 | 142 | 289 | 440 | 429 | 380 357 | 351 1.33
BOTTOM| 084 | 100 | 150 | 183 | 3.81 325 | 290 0.16 0.88
MAX|347 | 366} 432 | 459 | 477 | 503 | 5.21 6.56 237

BC & 30 cfs Seawater Inflow
TOP| 1.82 1.89 1.52 1.30 1.27 1.27 1.27 1.96 1.80

MIDDLE|{1.30 | 150 | 226 | 172 | 131 115 | 0.94 | 0.45 1.28
BOTTOM {095 | 1.03 | 173 | 2.21 172 | 105 097 | 0.16 0.89
MAX| 192 | 214 | 225 | 231 177 | 127 | 127§ 1.96 1.80

BC & 40 cfs Seawater Inflow
TOP| 1.27 1.14 0.87 0.73 0.77 0.77 0.73 1.03 1.45

MIODLE|1.30 | 169 | 144 | 083 | 067 | 052 | 044 | 0.16 1.19
BOTTOM| 096 | 108 | 207 | 136 ) 092 | 081 | 044 | 0.16 0.80
MAX] 1.61 187 200 | 136} 092| 081 | 073 | 1.03 1.48

Harbor

Based on the Table 4.8 and 4-O results, a seawater injection rate of 20 cfs would mest
the proposed chicrophyll water quality criteria. For descriptive purposes, the 20 cfs
seawater injection case will be designated as the 20 cfs Base Case in the following
discussions. To further test the sensitivity of the 20 cfs seawater injection option, runs
were calculated with a 2 foot tidal range (1 foot tidal amplitude), a 0.6 foot tidal range
(0.3 foot tidal amplitude), a 20 knot tradewind condition, and a 10 knot Kona wind
condition, with the results shown in Table 4.10.




TABLE 4.9
Chlorophyll Cencentrations for Base Case with 10, 20, 30, 40 cfs Seawater Inflow
and 5 knot Tradewind and Kona Wind Conditions

o Station Number
Description 4 5 6 7 9 10 1" 12
BC & 20 cfs Seawater Inflow
& 5 kt Tradewind
TOP| 2.30 2.41 3.69 3.86 4.46 4.92 4.92 5.25
MIDDLE| 1.43 1.1 1.77 2.68 4.62 3.61 3.03 1.42
BOTTOM| 0.87 | 095 1.15 1.38 4.12 3.01 247 | 0.6
MAX| 2.30 2.41 3.69 3.86 4.79 492 | 492 5.25
BC & 20 cfs Seawater Inflow )
& 5 kt Kona wind
TOP| 4.00 4.1 417 3.97 3.88 4.07 3.79 5.14
MIDDLE | 1.46 1.71 3.67 4.69 457 4.26 3.1 4.32
BOTTOM| 0.92 1.00 1.70 2.25 4.58 3.65 273 0.16
MAX | 4.00 4.30 4.45 4.69 4.86 476 | 3.79 5.18
BC & 30 cfs Seawater Inflow
& 5 kt Tradewind
TOP| 1.50 |-1.49 1.65 1.55 1.73 1.78 17 1.65
MIDDLE| 1.42 1.16 1.50 1.74 1.50 1.06 | 0.81 0.16
BOTTOM| 0.93 | 0.99 1.23 1.57 1.356 1.04 | 0.71 0.16
MAX}| 1.50 1.55 1.67 1.76 1.79 1.78 1.71 1.65
BC & 30 cfs Seawater Inflow
& 5 kt Kona Wind
TOP| 1.80 1.61 1.37 1.24 1.22 1.23 1.13 1.80
MIDDLE | 1.24 1.52 1.96 1.51 1.30 1.09 0.91 0.69
BOTTOM!}! 0.88 1.00 1.65 1.99 1.48 1.03 086 1 0.16
MAX]| 1.86 1.89 2.00 200 1.58 1.23 1.13 1.80
BC & 40 cfs Seawater Inflow
& 5 kt Tradewind
TOP} 1.04 1.01 0.80 0.67 0.84 0.88 0.81 0.7
MIDDLE| 1.38 1.21 1 113 0.80 0.52 0.36 0.29 0.16
BOTTOM| 0.97 1.01 1.27 0.82 0.72 0.56 0.28 0.16
MAX| 1.38 1.29 1.27 0.82 0.84 0.88 0.81 0.71
BC & 40 cfs Seawater Inflow
& 5 kt Kona Wind
TOP| 1.06 0.98 0.79 0.70 0.69 0.69 0.65 1.01
MIDDLE| 1.10 1.36 1.00 0.75 064 | 0.55 0.47 0.17
BOTTOM| 0.87 1.00 1.52 1,32 0.77 | 0.55 047 | 0.16
MAX]| 1.29 1.38 1.52 1 .32__ 078 | 0.69 0.65 1 9_1_
4-18




The results displayed in Table 4.10 show that while the 2 foot tide produces slightly
better chiorophyll concentrations than the 20 cfs Base Case, and the 0.6 foot tide
produces slightly worse chlorophyll concentrations than the 20 cfs Base Case, the
differences are not significant. The 20 knot tradewind condition shows consistently
better chlorophyll concentrations than its 20 cfs Base Case counterpar, with maximum
concentrations of 1.2 to 3.3 ug/| between stations 4 to 12, compared to the 20 cfs Base
Case concentrations of 3.5 to 6.5 ug/| (Table 4.8). Finally, the 10 knot Kona wind
condition provides a slightly worse case than the 20 cfs BC, with maximum chlorophyll
concentrations ranging from 4.3 to 7.6 pg/| between stations 4 to 12. The interesting
aspect to the results shown in Table 4.10 is that the chlorophyll concentrations in the
AWC are not adversely sensitive to typical changes in tides or wind velocity conditions.

Figures 4-28 to 4-35 show the standard outputs for chiorophyll, PQ,, NH,, NO,, O,,
horizontal velocity, salinity and water temperature respectively, for the 20 cfs Base Case
run. For completeness, Figures F-3 to F-16 shown in Appendix F describe the
chiorophyll concentrations and horizontal velocities for the 10, 30 and 40 cfs seawater
inflows, and the 20 cfs seawater inflow with a 2 foot tidal range (1 foot tidal amplitude),
a 0.6 foot tidal range (0.3 foot tidal amplitude), a 20 knot tradewind condition, and a 10
knot Kona wind condition.

An alternative to the injection of seawater into the Kapahulu end of the AWC is to split
the inflow waters where part of the flow is also introduced into the Manoa-Palclo Stream
as suggested by Miller and Chave (1876). To test this alternative, total seawater flow
rates of 20 and 30 cfs were selected with 5 cfs of this flow injected into the Manoa-
Palolo Stream at about 500 feet upstream from the confluence with the AWC. Table
4.11 shows the summary results of the 2-D model runs for these two alternatives. When
the Table 4.11 results are compared with the 20 and 30 cfs seawater inflow at the
Kapahulu end of the AWC as shown in Table 4.8, it is clear that for a given total
seawater flow rate, better flushing results are obtained if the total fiow was injection into
the end of the AWC rather than split and partially injected into the Manoa-Palolo Stream.
Figures F-17 to F-20 in Appendix F show the chlorophyll concentrations and horizontal
velocities for the 20 cfs and 30 cfs total seawater inflow cases with 5 cfs diverted to the

Manoa-Palolo Stream.

4.3.4. Injecting and Withdrawing Water from the Kapahuily End of the AWC. An

interesting option to the injection of seawater into the Kapahulu end of the AWC, is the
reversing of the flow direction by injecting water during the ebbing tide and withdrawing
Canal waters during the flooding tide, in order to assist the tidal flow. Table 4.12
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describes the results of the simulation with 20 cfs of seawater inflow and 20 cfs of Canal

water outflow. Comparing the Table 4.12 chlorophyll concentrations to the 20 cfs
— seawater inflow-only case shown in Table 4.8, it is evident that the inflow-outfiow option
yields a uniformly higher chlorophyil concentration throughout the AWC. Other options
were then run consisting of injecting seawater during the flooding tide and withdrawing
Canal waters during the ebbing tide, continually withdrawing Canal waters at the
Kapahulu end, and continually withdrawing Canal waters at a location about 1,500 feet
T seaward of the Kapahulu end, in the deeper Inner Basin area. The resuits of these

- additional options are also shown in Table 4.12.

TABLE 4.10
Chlorophyll Concentrations for Base Case with 20 cfs Seawater Inflow and 2 ft Tide
Range, 0.6 ft Tide Range, 20 knot Tradewind, and 10 knot Kona Wind Conditions

+

a . Station Number )
_ Description 4 5 | 6 7 9 10 11 12 | Harbor
' BC with 2 ft Tide Range &
- 20 cfs Seawater Inflow
TOP| 2.97 3.21 3.68 3.50 3.92 423 439 4.54 2.24
- MIDDLE | 1.24 1.57 3.15 4.00 3.98 3.07 3.02 3.28 1.31
— BOTTOM| 0.93 0.98 1.58 2.35 3.48 2.63 2.36 0.16 0.87
. MAX| 297 3.23 3.89 4.00 4.35 4,50 4.52 482 2.24
BC with 0.6 ft Tide Range &
- 20 cfs Seawater Inflow
" TOP!| 4.40 4.59 5.03 5.04 4.90 5.22 5.29 7.06 3.35
MIDDLE | 1.46 1.56 3.19 4.38 5.58 4,46 3.97 3.45 1.54
— BOTTOM| 0.90 1.01 1.81 2.54 4.87 4.04 3.13 0.16 1.00
- MAX| 440 | 459 | 5.1 523 | 568 | 559 539 | 7.06 3.35
BC with 20 cfs Seawater |
) Inflow & 20 kt Tradewind
TOPY 1.25 1.45 1.75 2.10 3.26 3.20 3.05 0.29 0.93
MiDDLEl o085 | 1.18 ) 150 | 1.81 | 3.25 | 330 | 3.30 | 0.29 0.93
- BOTTOM | 0.77 0.86 1.02 1.09 3.7 3.29 3.33 0.24 0.91
MAX| 125 | 145 | 179 | 210 | 326 | 3.30 | 3.33 | 029 | 0.93 |
—_ BC with 20 cfs Seawater
Infiow & 10 kt Kona Wind
- TOP| 5.11 5.55 5.12 4.32 3.65 4.16 4.23 4,13 .77
— MIDDLE | 2.33 4.07 4.91 4.33 4,53 4.50 3.37 4.26 2.71
BOTTOM| 115 | 1.29 | 442 | 448 | 551 755 | 644 | 016 1.10
MAX | 5.1 570 5.12 4.67 5.51 7.55 6.44 4.26 3.77
i B St b el B |
[
[
4-20




TABLE 4.11
Chlorophy!l Concentrations for Base Case with 20 And 30 cfs Total Seawater
Inflow, with 5 cfs Injected into the Manoa-Palolo Stream

Station Number
4 5 6 7 9 10 1 12 15

Description

BC & 20 cfs Total Seawater
Inflow with 5§ cfs Injected

into Manoa-Palolo Stream
TOP| 4.92 5.22 6.14 6.46 6.16 6.89 7.44 1 10.76 | 2.29

MIDDLE| 1.67 1.85 4,32 6.54 7.07 6.71 6.13 8.87 | 5.32

BOTTOM| 0.98 1.05 1.96 2.73 5.29 571 5.80 0.16 | 0.24

MAX! 4.92 522 6.34 6.82 7.15 7.05 7.44 | 10.76 | 5.52

BC & 30 cfs Total Seawater

Inflow with 5 cfs Injected

into Manoa-Palolo Stream
TOP| 2.53 248 2.31 2.21 2.13 2.08 2.00 2.79

MIDDLE| 152 | 186 | 289 | 243 | 242 | 180 | 1.38 | 1.07
BOTTOM| 098 | 112 | 215 | 276 | 228 | 209 | 1.25 | 0.16
MAX| 253 | 275 | 289 | 282 | 261 209 | 200 | 279

From Table 4.12 it is interesting to note that the option of the inflow of seawater during
the flooding tide and the withdrawal of Canal waters during ebb tide yields very similar
results to its opposite counterpart. Moreover, the continuous withdrawal of 20 cfs of
Canal waters at the Kapahulu end of the AWC produces significantly higher
concentrations of chiorophyil than the 20 cfs seawater inflow-only case. Finally, the 20
cfs withdrawal of Canal waters in the deeper Inner Basin, about 1,500 feet from the
canal terminus, yields much worse results than the same withdrawat at the Kapahulu end
of the AWC. For reference, Figures F-21 to F-28 in Appendix F show the chlorophyll
concentrations and horizontal velocities for the options cases described in Table 4.12

in the same order as listed.

The results of the 20 cfs options of inflow-outflow or continual outflow all indicate higher
chlorophyll concentrations than the 20 cfs seawater inflow-only option.
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TABLE 4.12
Chlorophyll Concentrations for Base Case with 20 cfs Total Flow with Various Inflow-
- Outflow Schedules

_— Station Number
4 5 6 7 9 10 11 12 | Harbor

Description

|
- BC & 20 cfs Outfiow from i :

. Kapahulu End of Canal
TOP| 466 | 515 | 697 | 699 | 695 | 8.06 | 9.27 | 16.88 279

It MDDLE| 144 | 127 | 241 | 423 | 723 | 637 | 6.4 |1154 | 1.44
L BoTToM| 087 | 094 | 117 | 137 | s28 ) 430 | a71 | 857 | 090
3 _' MAX] 466 | 515 | 697 | 699 | 708 | 835 | 030 |1688 | 279
o BC & 20 cfs Outflow at

by 1,500 # Seaward from
Kapahulu End of Canal

TOP| 8.01 | 931 |14.83 | 1555 | 15.80 | 19.10 | 20.54 | 32.62 4.01
MIDDLE| 153 | 1.35 | 3.24 | 7.30 | 14.88 | 10.41 | 11.63 | 26.32 1.53
BOTTOM]) 084 | 093 | 116 | 144 | 967 | 7.06 | 7.34 | 16.00 0.89
MAX{ 8.01 | 9.31 | 14.83 | 1555 | 18.00 | 21.60 | 23.52 | 33.51 4.01

BC & 20 cfs Inflow during

1

I

Ebb Tide, Outflow during -
. e Flood Tide -
" l.i TOP| 5.19 } 6.00 | 8.00 772 | 822 | 9.74 | 10.28 | 13.50 3.14
MIDDLE| 146 | 150 | 3.71 7.32 7.53 7.25 | 874 {10.16 1.48
o BOTTOM| 089 | 097 | 143 187 | 446 |1004 | 7.76 | 0.16 0.89
L'-i MAX]| 519 | 600 | 800 | 852 9.32 ]110.04 | 10.28 | 14.12 3.14
, BC & 20 cfs Inflow during
n Flood Tide, Outflow during
1 Ebb Tide
TOP| 544 | 588 | 778 | 802 797 | 948 | 1011 | 13.40 3.00
.'“‘ MIDDLE| 1.50 1.3 279 | 496 | 793 | 662 | 857 |11.96 1.36

BOTTOM| 090 | 097 | 126 | 154 | 523 | 536 | 7.89 | 10.864 0.89
MAX| 544 | 588 | 778 | 802 | 9.28 | 9.70 | 10.49 | 13.73 3.00

e 4.3.5. injecti roundwater into the Kapahuly End of the AWC. instead of
L] constructing a pipeline from the Kapahulu end of the AWC to a nearshore location to
» obtain seawater for flushing purposes, the use of nearby groundwater as the flushing
- water source has been proposed by Miller and Chave (1976). The characteristics of

groundwater varies as a function of the extraction depth below the existing ground level.
e Near the surface, the groundwater is expected to have very low salinity with relatively
e high nutrient levels. As the depth of extraction increases, both the salinity and nutrient
levels are expected to approach coastal seawater concentrations. These conditions

4-22




-

approaching coastal water characteristics are expected below about 150 - 200 feet.
Thus, between the near-surface almost fresh water conditions and the near-seawater
conditions at depth, the nutrient and salinity concentrations can be assumed to decay

linearly.

Using near-surface groundwater as the flushing source water, flow rates of 20, 30 and
40 cfs were injected into the Kapahulu end of the AWC and the results are shown in
Table 4.13, and Figures F-29 to F-37 presented in Appendix F provide the chlorophyll
concentration, horizontal velocity and salinity distributions for the 20, 30 and 40 cfs runs
respectively. The near-surface groundwater physical characteristics were identical to the
Makiki Stream inflow characteristics shown in Tables 4.2 and 4.4.

The results in Table 4.13 are very interesting in that the 20 cfs near-surface groundwater
inflow provides better flushing results in the deeper layer at the end section of the AWC,
than the 30 cfs case, whereas the opposite is true throughout the rest of the AWC.
Figures F-30 and F-33 show different vertical circulation structures in the Inner Basin,
and the salinity distributions in Figures F-31 and F-34 show that the 20 cfs flow provides
a greater vertical mixing signature than the 30 cfs flow rate, where the dark color
indicates less salinity concentrations. The salinity distribution figures clearly show that
the injection of less-dense groundwater tends to be confined to the near-surface layers.

The results for the 40 cfs near-surface groundwater inflow option are also shown in
Table 4.13. The end section chlorophyll concentrations have improved relative to the
30 cfs results, with a general relative improvement throughout the AWC.

While near-surface groundwater could be used as a source of flushing flow, the flow
rates required are much larger than for a seawater sourcé as exemplified by a
comparison with the results shown in Table 4.8. Thus, near-surface groundwater is not
considered a viable source of flushing water.

On the other extreme, if deep groundwater were to be used as the flushing water
source, with physical characteristics similar to seawater, the chliorophyll concentration
results would be similar to the seawater injection results as shown in Table 4.8.
Consequently, depending on the salinity and nutrient concentrations, which are
dependent on the depth of groundwater extraction, the resulting chlorophyll
concentrations would vary between the Table 4.8 and Table 4.13 results.
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TABLE 4.13
Chlorophyll Concentrations for Base Case with 20, 30, 40 cfs Near-Surface
Groundwater Inflow

[ Station Number

Description B 4 5 6 7 9 10 11 | 12 | Harbor

e e
BC & 20 cfs Groundwater
Inflow

TOP| 636 | 804 | 963 | 9.12 | 9.61 9587 | .01 4.34 3.18
mioDLE| 133 | 161 | 411 | 643 | 926 | 905 | 907 | 1210 4.65
BoTTom! o082 | 084 | 152 | 285 | 822 | 786 | 7.98 | 13.04 0.85
MAX] 636 | 804 | 963 | 979 | 9.72 { 870 | 9.84 |13.04 3.18

BC & 30 cfs Groundwater
Inflow

ToP| 634 | 740 | 757 | 671 | 7.60 | 828 | 857 | 3.44 3.85

" MIDDLE| 117 | 099 | 212 | 545 | 6.16 | 460 | 511 | 23.04 1.06
BoTToM| 076 | 078 | 088 | 096 | 400 | 362 | 439 |1837 | . 0.96
MAX| 634 | 740 | 757 | 716 | 7.76 | 857 | 9.44 {2368 3.85

r: BC & 40 cfs Groundwater

inflow
Tor| 476 | 543 | 566 | 522 | 628 } 700 ] 617 | 057 | 3.08
|| miDDLE| 110 | 096 | 1.84 | 467 | 556 | 399 | 455 |13.04 | 098
BoTToM| 076 | 077 | 086 | 093 | 3.49 | 3.09 | 3.30 | 941 | 079
Max| 476 | 543 | 567} 579 | 672 | 756 | 822 {13.04 | 3.08
S ——— —— —— o ————— —
NOTE: Groundwater salinity = O, nutrients & other parameters are identical to Makiki

Stream.

4.3.6. Constructing a Channsl Between the Kapahuly End of the AWC and Waikiki
Beach, The concept of extending the Ala Wai Canal to Waikiki Beach using a channel,
was proposed during the initial development of the Canal in the 1920’s. Due to budget
limitations, the AWC was only constructed to its present infand terminus near Kapahulu
Avenue. To evaluate the water quality impacts of the option of extending the AWC to
Waikiki Beach, a box culvert, with a width of 20 feet.and a depth of -6 feet MLLW,
extending 2,400 feet directly from the Kapahulu end of the AWC to the Kapahulu Storm
Drain @5 schematically shown in Figure 4-36, was envisioned. Note that the exact
terminus of the channel at Waikiki Beach is not critical to the present analysis, and the
propoged box culvert alignment shown in Figure 4-36 is provided for conceptual analysis

purpoges only.
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For analysis purposes, one of the most important factors which would determine the
hydrodynamics of the flow within this two ocean-entrance Ala Wai Canal system is the
phase difference between the new Waikiki ocean entrance and the existing Ala Wai Boat
Harbor ocean entrance. For a recent study (Edward K. Noda and Associates, Inc.,
1991) of proposed inland waterways for the Kakaako Makai Waterfront Project,
simultaneous water level measurements were made in Kewalo Basin, at the ocean
entrance to the existing drainage channel which is the extension of Keawe Street, and
in Honolulu Harbor. The measurement system was identical to the tide measuring
system described in Section 2.2. Based on the tidal phase lag resuits from the Kakaako
Inland Waterways Study, the phase difference between the proposed Waikiki Beach
ocean entrance location and the Ala Wai Boat Harbor entrance channel was estimated
to be 175 seconds, with the tide wave approaching the Waikiki Beach location first.

The ocean water characteristics for the Waikiki Beach ocean entrance were assumed to
be identical to the Station 1 water quality data as shown in Appendix E and summarized
in Table 4.7. Since it is very important to minimize the discharge of AWC waters into the
prime Waikiki Beach nearshore waters, it was envisioned that flow would only be allowed
into the AWC through the proposed box culvert by using a one-way valve or tide gate
was placed in the channel. Thus, during certain parts of the tidal cycle or during
significant surface runoff discharge into the AWC, the tide gate would close. Such ons-
way valve designs exist, whose opening and closing operations are determined by the

water flow direction.

The requirement to run the 2-D model with two ocean entrances, and with different tidal
phase relationship, proved to be somewhat difficult. After a considerable effort, the
program was modified to include the one-way valve system and the results are shown
in Table 4.14. Figures F-38 and F-39 shown in Appendix F describe the chlorophyil
concentrations and horizonta! velocities, respectively. Note that the results shown in
Table 4.14 are based on the natural flushing of the modified AWC system, with no
seawater injection included. It is reasoned that the merits of this extension of the AWC
to Waikiki Beach should be evaiuated on its natural flushing abilites. The Table 4.14
and Figure F-38 results show a significant reduction in the chlorophyll concentrations
versus the existing Base Case conditions shown in Table 4.6. While the chlorophyli
concentrations are significantly lower than the Base Case counterparts, the maximum
concentrations range to over 17 ug/l, and thus exceed the 10 ug/l maximum criterion.

Based on this analysis, the option of constructing a channel between the existing
Kapahulu terminus of the AWC to Waikiki Beach does not provide the necessary flushing

forces to develop acceptable water quality characteristics in the Canal. Moreover, it is
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believed that the expected large cost to construct this option, the significant impacts
associated with the construction activities in this crowded area (traffic, noise, dust, etc.),
the interference of the extensive underground utilities, land acquisition costs or easement
negotiations, and the potential failure of the tide gate system which would allow Canal
waters to discharge into Waikiki Beach waters, all lead to a discontinuance of this option
to improve the water quality in the Ala Wai Canal.

TABLE 4.14
Chlorophyil Concentrations for Base Case with Channe! from the Kapahuiu End of
the Ala Wai Canal to Waikiki Beach

Station Number
4 5 6 7 9 10 11 12 Channel

Dascription

BC With Channel From
Kapahulu End of Canal to
Walkiki Beach

TOP| 6.16 | 656 | 854 | 8.81 9.4t |11.03 | 11.38 [10.92 10.09
MIDDLE| 1.62 | 1.59 | 3.61 689 |1328 | 7.07 | 480 | 599 6.02
BOTTOM]| 0.97 1 1.01 1.52 | 2.05 [ 1666 |17.30 | 4.38 | 3.34 6.66

Max| 616 | 656 | 854 | 884 | 1666 |17.30 | 11.40 10.92 10.09
~——— =

4.3.7. Dredqing and Fill Options_for the AWC. Besides the construction options
described in the previous sections, this section describes dredging and fill options which
may potentially improve the water quality in the AWC. The following provides a listing
of the run options that were tested:

o) Area between the McCully Bridge and the confluence of the Manoa-Palolo Stream,
called the Sill, dredged to -10 feet MLLW.

o] Sill dredged to -10 feet MLLW with 5 knot tradewind.

(o] Sill dredged to -10 feet MLLW with 20 cfs seawater inflow at the Kapahulu end of
the AWC. )

o) Sill dredged to -10 feet MLLW with the area between the Manoa-Palolo Stream
confluence and the Kapahulu end of the AWC, called the Inner Basin, filled to -6

feet MLLW.,
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o} Inner Basin filled to -6 feet MLLW.

o Inner Basin filled to -6 feet MLLW with 5 knot tradewind.

o Inner Basin filled to -6 fest MLLW with 20 cfs seawater inflow at the Kapahulu end
of the AWC.
o) Inner Basin filled to -6 feet MLLW with 20 cfs near-surface groundwater inflow at

the Kapahulu end of the AWC.
(o] sill dredged to -6 fest MLLW.

0 Sill dredged to -6 feet MLLW with 20 cfs seawater inflow at the Kapahulu end of
the AWC.

o Entire AWC dredged to -12 feet MLLW.
(o] Entire AWC dredged to -12 feet MLLW with 5 knot tradewind.

The 1978 maintenance dredging project dredged the area between the McCully Bridge
and the confluence of the Manoa-Palolo Stream of the AWC to a depth of -10 feet
MLLW. Based on this historic situation, one of the alternatives was to evaluate the
response of the AWC to this dredging option. Since the bathymetry data is referenced
to the MLLW tidal datum, it was decided to use this datum rather than MSL for the
evaluation of the alternatives. Note that the MLLW datum is 0.8 foot below the MSL
datum. Table 4.15 shows that under Base Case conditions with the Sill dredged to -10
feet MLLW, the chlorophyll maximum concentration ranging from 11 - 34 pg/l, which
indicates an improvement as compared to the Base Case (Table 4.6) with maximum
concentrations ranging from 10 - 34 ug/l, but the improvement is not satisfactory to
significantly improve the AWC water quality. Figures F-40 and F-41 shown in Appendix
F describe the chiorophyll concentrations and horizontal velocities for the BC with the

Sill dredged to -10 feet MLLW.

With the Siil dredged to -10 feet MLLW and with a 5 knot tradewind condition, Table 4.15
indicates that the chiorophyll concentrations in the end section of the AWC increase as
compared to the no-wind case, which causes a similar increase in the surface layer
chlorophyll concentration due to the vertical circulation in the Inner Basin area. When
a 20 cfs seawater inflow is injected into the Kapahulu end of the AWC together with the
dredging of the Sill to .10 feet MLLW, the results are similar to the case with the Sill
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undredged as shown in Table 4.8. This indicates that when a 20 cfs or greater flow is
injected irto the Kapahulu terminus of the AWC, conditions improve significantly with or
without the Sill. Figures F-42 to F-45 shown in Appendix F graphically describe the
chlorophyll concentrations and horizontal velocities, respectively for the above two Sill

options.

Another potential improvement is to dredge the Sill to -10 feet MLLW and to fill the Inner
Basin to a depth of -6 feet MLLW. The deeper Inner Basin seems to trap the more
dense waters leading to the potential of poor circulation. Thus, filling this Inner Basin
would seem to present an opportunity to improve the water quality in the AWC. The
results shown in Table 4.15 indicate that this notion of water quality improvement is
misleading, as the chlorophyll concentrations increases in the end section of the Canal,
which then degrades the upper layer water to the McCully Bridge. Figures F-46 to F-47
describe the chiorophyll concentrations and horizontal velocities for this option,

respectively.

Since the filling of the Inner Basin to -6 feet MLLW combined with the dredging of the
Sill to -10 feet MLLW did not vield good results, how would the filing of the Inner Basin
only affect the AWC water quality? Table 4.16 shows a summary of the chlorophyill
concentrations for 4 cases: the Inner Basin filled to -6 feet MLLW: the Inner Basin filled
to -6 feet MLLW with a 5 knot tradewind; the Inner Basin filled to -6 feet MLLW with 20
cfs of seawater inflow at the Kapahulu end of the AWC; and the Inner Basin filled to -6
feet MLLW with 20 cfs near-surface groundwater inflow at the Kapahulu end of the AWC.
Figures F-48 to F-55 as shown in Appendix F provide the chlorophyll concentrations and
horizontal velocities for these 4 cases, respectively.

The results described in Table 4.16 show that filling the Inner Basin to a depth of -6 feet
MLLW produces higher chlorophyll concentrations in the end section of the AWC,
leading to a general degradation of water quality throughout the Canal as compared to
the existing Base Case (Table 4.6). The reason for this degradation can be seen in the
horizontal velocities in Figure F-49 as compared to the Base Case velocities in Figure
4-24. The water in the Inner Basin under Base Case conditions is not stagnant, but
instead responds to the flow of the surface layer due to continuity requirements, thereby
creating a circulation fiow which brings near-bottom fiuids to the surface. When the
inner Basin is filled, this vertical circulation process is significantly inhibited.
Consequently the flow tends to be more uni-directional throughout the water column,
behaving like a one-dimensional flow or "slug" flow, thereby reducing the fiushing

efficiency of the system.
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TABLE 4.15
Chicrophyli Concentrations for Base Case with Sill Area Dredged to -10 ft MLLW,
with 20 cfs Seawater Inflow, with 5 knot Tradewind Conditions,

and with the Inner Basin Filled to -6 ft MLILW

Station Number )
4 5 6 7 9 10 1 12 | Harbor
Description
BCwhh Sil Area Dredged o] . | | | | | |
-10 ft MLLW
TOP ! 10.80 {11.58 {12.46 | 12.09 | 12.37 | 16.10 | 21.00 | 33.97 6.54
MIDDLE| 230 | 3.22 8.34 9.86 | 9.82 | 10.07 | 10.69 }30.74 2
BOTTOM| 0.82 | 092 1.93 261 3.61 4.60 4.83 .| 23.56 0.92
MAX | 10.80 | 11.58 ]12.93 | 13.21 | 1441 | 16.73 | 21 .00 | 34.18 6.54
BC with Sill Area Dredged to
10 # MUW & 5 Kkt r
Tradewind .
TOP| 9.38 990 |12.79 | 1351 [ 27.26 | 40.23 | 42.05 | 55.24 495
MIDDLE | 1.9 1.29 4.43 J.68 9.12 | 12.26 | 18.84 |58.82 2.47
BOTTOM | 0.87 0.88 1.25 1.44 208 | 3.56 4,51 | 55.42 1.08
MAX| 9.38 | 990 |12.79 | 1351 | 28.63 | 40.23 42.05 |58.82 4.95
BC with Sill Area Dredged to
10 ft MULW & 20 cfs
Seawater Inflow
TOP| 6.03 | 6.06 578 | 5.18 5.02 5.24 524 7.30 4.22
MIDDLE | 1.89 2.96 5.82 573 5.26 4.97 4.19 4.64 1.72
BOTTOM| 0.91 0.85 1.78 | 235 ] 3.59 4.73 432 0.16
MAX| 6.03 6.45 642 | 6.16 5.51 5.24 5.24 7.30
BC with Sill Area Dredged to
-10 ft MLLW & Inner Basin
Filled To -6 ft MLLW
ToP | 10.52 |10.50 | 14.31 | 19.81 | 30.92 |54.57 {6252 79.52
MIDDLE! 1.898 2.97 7.23 | 7.75 9.62 | 42.09 | 47.83 | 70.52
BOTTOM| 0.85 0.88 185 | 229 3.87 | 1552 | 21.20 | 47.90
MAX | 10.52 | 10.50 | 14.31 | 19.81 | 39.47 | 54.57 | 62.52 79.52
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TABLE 4.16
Chlorophyll Concentrations for Base Case with Inner Basin Filled to -6 ft MLLW, with
20 cfs Seawater Inflow, with.20 cfs Near-Surface Groundwater Inflow, and with a §
knot Tradewind Condition

Station Numbers

e ——

Description

BC with Inner Basin Filled to
5 ft MLLW

7

9

10

TOP| 15.48 | 17.91 | 27.77 | 28.27 128.86 | 37.77 | 42.19 | 63.08 6.66
MIDDLE| 2.03 1.73 6.52 | 18.39 | 30.12 | 3648 | 39.81 | 50.02 1.91
BOTTOM| 093 0.96 1.44 2.04 8.16 | 1054 | 13.56 | 29.24 0.89
MAX| 15.48 | 17.91 | 27.77 | 28.27 | 35.59 | 41.30 | 4598 |64.48 6.66
BC with Inner Basin Fllled to
6 ft MLLW & 5 kt Tradewind
TOP| 7.92 9,45 | 18.00 | 19.03 | 28.76 | 41.61 | 41.76 | 39.43 4.25
MIDDLE{ 1.59 1.1 3.36 7.66 | 26.41 | 3351 | 3488 | 33.27 2.39
BOTTOM}{ 0.82 0.89 1.14 1.39 3.97 552 7.82 | 25.02 1.09
MAX§ 7.92 9.45 | 18.00 | 19.03 | 32.01 | 41.61 | 42.71 | 39.43 4.25
BC with Inner Basin Filled to
£ ft MLLW & 20 cfs
Seawater Inflow
TOP| 283 2.93 3.18 2.98 2.96 3.16 3.20 4,46 2.13
MIDDLE| 1.29 1.34 2.49 3.32 3.15 294 283 232 1.26
BOTTOM| 092 0.99 1.48 1.90 2.85 245 1.99 0.16 c.as
MAX| 283 2923 3.28 3.38 3.22 3.16 3.20 4.46 213
BC with Inner Basin Filled to
6 ft MLLW & 20 cfs
Groundwater Inflow .
TOP| 3.75 4.65 5.59 5.31 5.69 570 5.39 2.49 2.14
MIDDLE| 1.09 1.30 2.70 4.08 5.23 563 577 7.24 1.16
BOTTOM| 0.79 0.81 1.27 2.03 3.74.{ aB8 3.96 6.48 0.82
MAX| 3.75 465 5.59 5.58 5.69 581 5.90 7.24 214
———

e - ——
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With the Inner Basin filled to -6 feet MLLW with a 5 knot tradewind condition, the
chlorophylil concentrations improve significantly as shown in Table 4.16 and yield similar
results to the Base Case with 5 knot tradewinds as shown in Table 4.6. The horizontal
velocities in Figure F-51 show that a two-layer flow system is developed which enhances
the flushing circulation.

The results shown in the previous two cases indicate that filing the Inner Basin would




not be sufficient to create adeguate water quality in the AWC. Table 4.16 shows the
chiorophyll concentration results when either 20 cfs of seawater or 20 cfs near-surface
groundwater is injected into the Kapahulu end of the AWC. Both sets of results indicate
that satisfactory water quality would be obtained with either of these two options. The
more-dense seawater injection with its lower nutrient levels produces significantly lower
chlorophyll concentration, with maximum chlorophyll concentrations ranging from 2810
4.5 pg/), as compared to the less-dense, near-surface groundwater injection with its
higher nutrient concentrations producing maximum chlorophyll concentrations of 3.8 to

7.2 ug/l.

When the Table 4.18, 20 cfs seawater injection chlorophyll concentration results are
compared to the 20 cfs Base Case seawater injection (Table 4.8) with maximum
chlorophyll concentrations of 3.5 - 6.6 pg/!, this evaluation indicates that the filling of the
Inner Basin improves the flushing of the AWC.The 1966 maintenance dredging
operations dredged the Sill area to a water depth of -6 feet MLLW. To evaluate the
consequences of this condition, the option of increasing the Sill depth to -6 feet MLLW
with all other parameters set identical to the Base Case was modeled. The 2-D mode!
chiorophyll concentration resuilts of this option are provided in Table 4.17 and Figures
F-56 and F-57 describe the chlorophyll concentration and horizontal velocity outputs,
respectively. When these concentrations are compared to the Base Case values shown
in Table 4.6, a reasonable improvement is noted. When the Table 4.17 resuits are
compared to the option of dredging the Sill to -10 fest MLLW as shown in Table 4.15,
the results are very similar, with the -10 feet dredged Sill providing & slight improvement.
In a practical sense, this -6 feet MLLW dredged Sill can also be considered an
intermediary point in the evolution of the Sill from a -10 feet MLLW initial dredged depth

to its existing Base Case depth.

When a 20 cfs seawater inflow is provided at the Kapahulu end of the AWC, combined
with a -6 feet MLLW dredged depth for the Sill area, the summary results are shown in
Table 4.17, and Figures F-58 and F-59 provide the chlorophyll concentration and
horizontal velocity outputs, respectively. Comparing the Table 4.17 results with both the
Base Case 20 cfs seawater inflow (Table 4.8) and the -10 feet MLLW dredged Sill with
20 cfs seawater inflow (Table 4.15) shows that the chlorophyll concentration resuits are
very similar. This indicates that the 20 cfs or greater forced-flushing options are
insensitive to changes in the Sill area water depth.

Another option to possibly improve the water quality and to increase the rainfall-runoff
carrying capacity in the AWC is to dredge the entire length of the AWC to a constant
depth. For example, a constant dredged depth of -12 feet MLLW was selected as an
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option. Table 4.18 shows the 2-D model chlorophyll concentration results for this cases,
as well a run which included a § knot tradewind condition, and Figures F-60 to F-63
describe the chlorophyli concentration and horizontal veiocity outputs for these cases,

respectively.

The Table 4.18 results show that dredging the entire AWC to a constant depth of -12
feet MLLW greatiy improves the natural flushing action of the Canal system, producing
relatively low concentrations of chiorophyll which meet the criterion for satisfactory water
quality. Whena & knot tradewind condition is also imposed, the Table 4.18 2-D model
output results indicate a degradation of the flushing characteristics as implied by the
chlorophyll concentration increases. Examining Figures F-61 and F-83, which describe
the horizontal velocities for these two cases, it is noted that the circulation pattern in the
end section of the Canal, in the area of the Inner Basin, is more aggressive for the case
without wind as compared to the 5 knot tradewind case. The no wind case shows a
well defined two-layer flow system at the end section of the AWC, where the dense
ocean waters move into the Canal in the lower layer and the lighter surface waters move
seaward, producing a vertical circulation system. When a 5 knot tradewind condition is
applied, the increased surface flow inhibits some of the lower depth landward flow,
causing a general reduction in the vertical circulation pattern in the end section of the
Canal, and leading to increased chlorophyll concentrations.

TABLE 4.17
Chlorophyll Concentrations for Base Case with Sill Area Dredged to -8 ft MLLW, with
20 cfs Seawater inflow

Station Number
4 5 6 7 2] 10 11 12 | Harbor

Description

B8C with Sill Area Dredged to
£ ft MLLW “

TOP110.61 |11.81 |13.67 | 13.62 | 13.66 | 16.26 | 21.58 | 37.97 6.00
MIDDLE| 1.80 | 1.78 | 7.25 | 13.00 | 13.50 | 10.23 | 10.90 | 36.50 1.68
BOTTOM| 093 | 098 | 156 | 262 | 599 | 619 | 7.16 | 26.41 0.89
MAX | 10.61 | 11.81 | 14.13 | 1462 [ 1584 | 16.81 [21.58 | 39.12 6.00

BC with Sill Area Dredged to
'-10 ft MLLW & 20 cfs
Seawater Inflow

TOP| 421 | 442 | 457 | 433 | 429 | 484 | 503 | 6.4 3.01
MIDDLE} 158 | 164 | 397 | 480 | 464 | 384 | 359 | 3.35 1.48
BOTTOM|] 097 | 1.00 | 1.74 | 226 | 346 | 3.19 | 280 | 0.16 0.91
MAX| 4.21 4_57_ 486 | 485 | 494 | 508 | 506 | 653 an

s
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TABLE 4.18
Chlorophyll Concentrations for Base Case with the Ala Wai Canal Dredged to 12 ft
MLLW, with 5 knot Tradewind Conditions

Statir;n Number
4 5 6 7 9 10 1 12 | Harbor

Description

BC with Whole Canal

Dredged to -12 ft MLLW
ToP| 708 | 708 | 682 | 603 | 575 { 666 | 659 | 6.70 5.49

(i MoDLEl 271 | 288 | 572 | 552 | 574 | 550 | 505 | 536 | 244
gottom! 078 | 085 | 104 | 112 | 145 | 173 | 204 | 407 | 094
max| 7o8 | 772 | 742 | 700 ) 654 | 666 | 659 | 689 | 549

BC with Whole Canal
Dredged to -12 ft MLLW & 5

knot Tradewind
TOP| 5.53 5.88 8.51 892 |10.78 | 1433 | 13.87 | 17.25 5.38
MIDDLE| 1.98 0.95 1.75 160 | 312 | 518 6.89 | 15.83 4.29
BOTTOM| 0.77 0.85 1.00 1.00 1.17 1.66 2.23 1 11.38 1.7
MAX| 553 5.88 8.51 892 |12.86 | 1452 | 13.87 | 17.69 5.77
[t —— e —— — e —

4.4. SUMMARY ,
The following summarizes the highlights and results of the hydrodynamic and water

quality modeling task efforts.

1) The CE-QUAL-W2 two-dimensional, laterally averaged hydrodynamic and water
quality model has been verified by comparisons with a one-dimensional
hydrodynamic and transport model, using idealized conditions where the flow
characteristics can be analytically verified.

2) The CE-QUAL-W2 model was calibrated using the extensive physical, biological
and water quality field measurements obtained in the Ala Wai Canal. The
comparisons of the field measured data with the 2-D model predicted results show
very good correlations and confirm the validity of the CE-QUAL-W2 two-
dimensional model.

3) The calibrated 2-D CE-QUAL-W2 madel was then used to evaluate design options
to improve the water quality in the AWC. The water quality parameter that was
selected to evaluate whether a design option produced satisfactory water quality
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results was the chlorophyll concentrations in the Canal. The target chiorophyll
concentrations were between 5 - 10 pg/l, and any option that exceeded 10 ug/|
was considered to produce unsatisfactory water quality conditions. For reference
purposes, a Base Case situation was established which essentially represented
the calibration case with a zero (0) wind speed condition. The following
summarizes the results of the design option evaluations.

o Injecting seawater into the Kapahulu end of the AWC at continuous fiow rates
of 10, 20, 30 and 40 cfs were evaluated. The 2-D model results indicated
that 10 cfs was an unsatisfactory flow rate, and flow rates of 20 cfs or greater
produced satisfactory chiorophyil conditions in the Canal. Light and strong
tradewind and Kona wind conditions were applied together with the 20 cfs
seawater inflow. While the chlorophyll concentrations vary in response to
these meteorological conditions, the chlorophyll concentrations remain well
below 10 pg/l. Simulation runs to test the sensitivity of the 20 cfs seawater
inflow option with large (2.0 feet) and small (0.6 foot) tidal ranges show some
improvement with the larger tidal range and some degradation with the
smaller tidal range, but the chlorophyll concentrations remain well below 10
ung/| for both.

An option associated with the injection of seawater into the Kapahulu end of
the AWC, was to evaluate the diversion of some of the flow into the Manoa-
Palolo Stream. The 2-D model was run with 5 cfs of seawater inflow injected
into the Manoa-Palolo Stream and 15 and 25 cfs seawater simultaneously
injected in the terminus of the Canal, for total seawater flow rates of 20 and
30 cfs. The 2-D model results indicated that chlorophyll concentrations in the
AWC were much higher than for the runs where the total seawater flow was
injected into the Kapahulu end of the Canal.

o A variant of the continuous seawater inflow option was to alternate the flow,
where during part of the tidal cycle seawater was injected and during other
periods Canal water was withdrawn. Other options in this class included
continuous withdrawa! of Canal waters both at the Kapahulu end and at 1,500
feet seaward of the terminus in the Inner Basin area. The 2-D model resuits
uniformly showed that the continuous inflow of seawater produced more
satisfactory water quality results than of the variants tested.

o The option of injecting near-surface (low salinity) ground water into the
Kapahulu end of the AWC was evaluated for flow rates of 20, 30 and 40 cfs.
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The 2-0 model results clearly indicated that these groundwater inflow options
produced much higher chlorophyll concentrations than their seawater flow
counterparts. It should be noted that if deep groundwater were to be used
as the flushing water source, it would have similar characteristics to seawater
(e.g. high salinity and low nutrient concentrations), and consequently the
chlorophyll concentration response would be essentially. identical to the
seawater inflow options that were discussed previously.

The option of constructing a channel from the Kapahulu end of the AWC to
Waikiki Beach was evaluated. In order to protect the Waikiki Beach coastal
waters from discharges from the AWC, a "one-way valve" or tide gate was
simulated in the channel, such that water could only enter the channel from
the Waikiki Beach area. The 2-D model results indicated that while the
chlorophyll concentrations improved significantly from the Base Case
conditions, the improvement was not satisfactory to meet the criterion of <

10 ug/l.

Various options associated with dredging the Sill area between.the McCully
Bridge and the confluence of the Manoa-Palolo Stream were evaluated,
including an additional combination of filing the Inner Basin. The 2-D model
results indicated that while the Sill dredging options change the values and
distribution of the chlorophyll concentrations, it does not uniformly provide
better water quality conditions than the non-dredged Sill condition, particularly
in the Inner Basin area. When a 20 cfs seawater inflow is also superimposed
on the dredged-Sill option, the chlorophyli concentrations become very similar
to the 20 cfs seawater inflow with the existing Sill condition. This indicates
that with a 20 cfs seawater inflow, the water quality conditions in the Ala Wai
Canal are relatively insensitive to depth conditions in the Sill area.

All the dredging and fill options tested do not of themselves provide satisfactory water
quality conditions in the Ala Wai Canal.

Based on the above option evaluations for improving the water quality in the Ala Wai
Canal, the following options are considered technically feasible to warrant further

feasibility analysis and conceptual design evaiuations:

Injection of 20 to 30 cfs seawater inflow into the Kapahulu end of the Ala Wai
Canal. For this option, two design concepts are suggested:
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o0 A submerged pipeline would be constructed in the Ala Wai Canal, with an
intake located in the entrance channel to the Ala Wai Boat Harbor, a pump
station located adjacent to Magic Isiand, and an outlet manifold located
across the Canal at the Kapahulu end.

0 A "non-trenched” buried pipeline would be constructed from a pump station
located at the Kapahulu end of the AWC to an intake location offshore of
Waikiki Beach in a water depth of about 40 feet. A similar outlet manifold
would be provided across the Canal to distribute the injected seawater.

Injection of 20 - 30 cfs deep groundwater into the Kapahulu end of the Ala Wai
Canal using groundwater wells located on the Ala Wai Golf Course. An outlet
manifold would be provided across the Canal to distribute the injected
groundwater. The deep groundwater wells must produce salinity and nutrient
concentrations similar to coastal seawater.
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CHAPTER 5
CONCEPTUAL ENGINEERING DESIGN AND COST ESTIMATES

5.1. INTRODUCTION
Based on the CE-QUAL-W2 two-dimensional mode! output results of the water quality

characteristics in the Ala Wai Canal due to various alternative design options, three
options were selected for the development of conceptual design and construction cost
estimates. The three options were designed to provide injection of 20 ¢fs (9,000 gpm)
to 30 cfs (13,500 gpm) seawater into the Kapahulu end of the Ala Wai Canal, where the
flow would be discharged through a diffuser across the width of the canal. The source
waters would be obtained from one of the following systems:

-

o] A submerged pipeline system which would intake ocean seawater in the entrance
channel of the Ala Wai Boat Harbor about 40 feet below the surface, with a
submerged pump station located adjacent to Magic Island.

‘e A "non-trenched" buried pipeline which would be constructed using existing
directional drilling technology to drill and install an underground pipe from the
Kapahulu end of the AWC to a location off Waikiki Beach, with the intake point

located in a water depth of about 40 feet.

0 A deep groundwater weli system, located on the Ala Wai Golf Course, which
would extract groundwater of approximately seawater salinity.

The conceptual designs and costs estimates for the first two options (the ocean water
source options consisting of the submerged pipeline system with the intake in the
entrance channel of the Ala Wai Boat Harbor, and the directionally drilled underground
pipeline system with an intake off Waikiki Beach), were carried out by Makai Ocean
Engineering, Inc. (MOE) and their report is provided in Appendix G.

The evaluation of the deep groundwater well system was performed by Tom Nance
Water Resources Engineering (TNWRE). This concept first required an evaluation of the
available historic data on the sub-surface geologic structure, in order to determine the
feasibility of the Ala Wai Golf Course site to produce the required flow rate of deep,
ocean-salinity water. If this feasibility assessment yielded positive results, the subsequent
task effort was to develop a conceptual design of the groundwater well system and from
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this design provide a construction cost estimate. TNWRE's report is provided in
Appendix H.

In the following sections, information from the MOE and TNWRE reports are summarized
and a concluding section provides recommendations on the selected option.

5.2. OCEAN WATER SOURCE SYSTEMS

Figure 5-1 schematically describes the two ocean water source alternatives that were
evaluated by MOE. Alternative No. 1 represents the submerged pipeline with an intake
in the Ala Wai Boat Harbor entrance channel, and Alternative No. 2 represents the
directionally drilled pipeline with an intake off Waikiki Beach.

*

5.2.1. Alternative No. 1: Laying a Pipeline along the Ala Wai Canal. The proposed
system consists of a pipeline which intakes seawater from the Ala Wai Boat Harbor
entrance channel, at a depth of about 40 fest below the surface, and discharges the flow
at the Kapahulu end of the Ala Wai Canal. In addition to the suction and discharge
pipelines and the required intake and discharge manifoids, a submerged pump station
with a minimum pumping capacity of 20 cfs (9,000 gpm) and a maximum pumping
capacity of 30 cfs (13,000 gpm) is located near the entrance of the Ala Wai Canal
adjacent to Magic Islard. Figure 5-1 schematically shows the proposed iocation of the

pipeline and pump station.

A preliminary optimization analysis was performed to determine the optimum size of the
suction and discharge pipelines and components. The optimum sizes have been defined
as those which would produce the smallest total costs (capital plus operational) over the
life of the pipeline (assumed 30 years in this preliminary analysis). It was found that
large diameter pipes and small pumps provide the best combination to minimize total
costs over the lifetime of the system. As the size of the pipe diameter decreases, capital
costs decrease due to the fact that the cost of the pipe, weights needed to hold the pipe
down, and dredging requirements decrease. However, a smaller pipe diameter means
that, for a given operational flow, the friction losses during operation will be larger.
Larger friction losses increase capital costs since larger pumps and motors are required,
but primarily increase operational costs since more electricity is needed to drive the
pumps to achieve the desired fiow rates. At this conceptual design level, a 40 inch,
4,000 foot long suction pipe and a 42 inch, 12,500 foot long discharge pipe have been
selected, together with a submersible, three pump system (2 main and 1 back-up).
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Polyethylene pipes have beén selected for this alternative. Polyethylene is a very rugged
and cost effective material with a long life in marine applications. In addition,
polyethylene is an inert material which does not correde and does not promote growth

of marine organisms.

The pipeline route inside the Ala Wai Canal has been selected to be on the mauka side
of the canal, 15 to 35 feet from the side wall, in water depths of approximately 5 feet.
The main advantages of laying the discharge pipe on the mauka side of the canal are:

o) On the mauka side of the canal between the McCully Bridge and the Kapahulu
end of the canal are a golf course, & public park and a school. Large public
spaces are available is this area to store, assemble and deploy the pipeline. On
the makai side are @ high density of apartments, commercial and resort areas,
which make the construction, deployment and maintenance operations more

difficult.
o Noise during construction would be minimal for the residents of Waikiki.
o) Access is easier for large construction equipment.
o} Minimize visual impact during construction and traffic congestion that would be

created if the pipeline is assembled and deployed on the makai side. The same
is applicable for maintenance operations.

o] White the pipeline may be partly visible underwater in some areas when viewed
directly overhead, the visual impact from the Waikiki area would be non-existent.

it has been assumed that the pipeline will be laid after maintenance dredging of the Ala
Wai Canal is completed. With the exception of the crossing of the existing streams
along the mauka side of the Ala Wai Canal and the crossing of the Ala Wai Boat Harbor,
where the pipe is completely buried underground, the pipeline is laid partially above the
canal bottom. This approach minimizes the capital cost associated with the required
dredging, facilitates mainténance and re-deployment of the pipe in another location (if
ever needed), and does not considerably affect boating and other recreational activities
in the Ala Wai Canal. At the same time, boats of the size now in use in the Ala Wai
Boat Harbor would not represent a threat to the integrity of the pipeline. A minimum
clearance of about three feet has been established between the top of the pipeline and

the water surface in the canal.




1

The suction pipe will lay on the bottom along the wall of Magic island, parallel to the
existing navigation channel of the Ala Wai Boat Harbor and will extend from the end of
the navigation channel offshore to a water depth of approximately 50-60 feet. The last
portion of this pipe wili be properly protected and weighted/anchored against the action

of waves and currents.

The implementation of this alternative is technically feasible and simple. Construction
and deployment of the pipe and installation of the pump station involve minimum risks.
During operations, the pumps are the only component in the system that can break
down, and the addition of a back-up pump minimizes chances of interrupting operations.

The following listing summarizes the conceptual design for Alternative No. 1.

. E

.

LY

Operational flow of 20 cfs (9,000 gpm) with a maximum flow rate of 30 cfs
(13,500 gpm). Three submersible pumps (Figures 5-2 and 5-3) located at
a submerged pump station adjacent to Magic Island are proposed, with
one pump capable of producing 20 cfs, two pumps producing about 30 cfs
and the third pump used as a back-up.

40 inch diameter, 4,000 foot long suction pipeline extending from the intake
structure to the submerged pump station. A 12,500 foot long. 42 inch
diameter discharge pipeline extending from the submerged pump station
to the Kapahulu end of the Canal. High density polyethylene (HDPE)
material has been selected for both suction and discharge pipelines. To
minimize interference with future dredging programs, the discharge pipeline
would be constructed within 15 to 35 feet from the mauka wall of the AWC
and the pipeline would not be deeply buried to minimize the risk of
undermining the existing wall structure as shown in Figure 54.

The discharge pipeline will be buried across the Makiki and Manoa-Palolo
Stream outlets with the top of the pipe at -13 feet MSL, and from the Ala
Moana Bridge to the pump station, where the top of the pipe would be 3
feet below the existing bottom. Figures 5-5 and 5-6 schematically illustrate

the stream crossing conceptual design.
An intake manifold (Figure 5-7) will be located in a bottom depth of about

30-60 feet with the top of the manifold about 40 feet below the water
surface. Two inlet heads are proposed, consisting of 360 3-inch diameter
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Elevation (feet MSL)

j Top Makai Woll Top Maouka Wall
Existing Canal Boitom \‘

Typical Maintenonce
‘ Dredged Bottom
Inv, = —-10.0 ~ 40’ -
S iy Al 5,511—‘

______________________ (See Delail Below) — —

Typical Pipelir'uz'x
Placement Area

HORIZONTAL SCALE

~ 60“

TYPICAL ALA WAI CROSS SECTION

/— WATER LELEL

A

CONCRETE WEIGHT 30" MIN
(1 TON WET wacm)_\ |
; 42" POLYETHYLENE
FIBERGLASS "
BOLTS —\35

EXISTING BOTTOM
| (SLOPE ~ 1:6)
54" |

CROSS SECTION
NOT TO SCALE

TYPICAL PIPE BOTTOM PLACEMENT

ALONG THE ALA WAl CANAL
NOT TO SCALE

Figure 5-4
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holes each, which would diffuse the intake flow and provide horizontal
inflow circulation in order to minimize ingestion of marine life and 10
minimize danger to divers. For the maximum 30 cfs flow rate, the inlet
velocities are less than 1 ft/sec (0.6 knots).

o) A discharge manifold, comprised of a 28 inch diameter HDPE pipeline, wil
distribute and diffuse the outflow waters laterally across the Kapahulu end
of the AWC. A total of 32 equally spaced holes, 5.5 inches in diameter
oriented at 60° from the horizontal will distribute water uniformly across the
Canal width, with a discharge velocity of about 4 ft/sec for the operational
fiow of 20 cfs. Figure 5-8 shows a plan view of the proposed manifold and
Figure 5-9 shows a side view and detailed cross-section.

The capital and operational costs of the Alternative No. 1 pipeline system are shown
below where all costs are in 1892 dollars. Note that the cost of dredging the estimated
5,000 yd® of bottom sediments from the Kapahulu end of the Canal for the placement
of the discharge manifold and to provide a smooth transition for the outflow waters,
which was included in the MOE construction cost estimate has been deleted. It is
recormmended that this dredging of the Kapahuiu end of the AWC be performed as part
of the next maintenance dredging project. Should this dredging not be performed, then
this dredging costs must be added to the selected flushing system construction costs.

Engineering Design And Permitting Costs $490,500
Construction Costs $6,876,000
Less 5,000 yd® Of Dredging @ $34/yd® _<$170.000>
Subtotal $7,196,500

Contingency 15% $1,079.500

TOTAL ESTIMATED ENGINEERING & CONSTRUCTION COST $8,276,000
ESTIMATED ANNUAL OPERATING AND MAINTENANCE COST $71,500
5.2.2. Alternative No,. 2: Directional Drilling Pipeline Installation. This alternative evaiuates

the feasibility of using earth boring-trenchless technology to install an underground
pipeline from a pump station at the Kapahulu end of the Ala Wai Canal to a location off
Waikiki Beach, with the ground breaking point and intake located at a water depth of
about 40 feet. The drilled hole would be about 7,000 feet long and the instalied suction
pipeline would be about 40 to 42 inches in diameter.
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The earth boring technology that offers the best opportunity to construct the trenchless
underground pipeline is Directionally Controlled Horizontal Drilling {commonly referred
to as directional slant drilling). This methodology is a two step process first involving the
drilling of a directionally controlied pilot hole, approximately 3 inches in diameter, with
the second phase involving the enlargement of the pilot hole to the desired diameter by
reaming. The required pipeline is then installed in the hole using a "pull back" operation.
Figure 5-10 schematically illustrates the directional drilling methodology.

Directionally controlled horizontal drilling uses sianted rigs with shafts which typically start
at a depression angle of 10° to 20° from the horizontal. The shaft is guided in both
azimuth and tilt angles, runs horizontally, and finally curves upward to break through the
ground. The directional drilling method was originally developed in the U.S. in the early
1970's and uses mainly technology developed in the oil industry for vertical drilis. This
method is now commonly used for crossing under natural or manmade obstacles,
especially river crossings. This method has revolutionized complicated river crossings
for pipelines which were initially done by conventional dredging methods or were
rerouted through long distances and crossed over at a bridge location.

The progress and location of the pilot hale is monitored by a specially designed sensor
system. An instrumentation system located near the cutting head records the exact
position, inclination and orientation of the drill head by measuring compass heading, tilt
and relative rotational angle. This information is then transmitted through a wire to the
surface where a computer collects and interprets the data. The direction of the cutting
head can be continually adjusted to follow the designed underground route.

A total of 10 construction companies in the field of directional horizontal driling were
contacted to assess the feasibility of using slant drilling technology to construct a
pipeline to flush the Ala Wai Canal. A brief summary of the information collected as well
as advantages and disadvantages of using directional drilling methodology are provided

below:

a. All the companies but one agreed that a 6,000 to 7,000 foot long hole for a 42
inch pipe was beyond the current state-of-the-art.. Currently, the longest hole ever
drilled was 5,400 foot long, but this was done for a 16 inch pipeline. Recently,
a 4,500 foot long hole for a 42 inch pipe was successfully completed. This job
was completed in well consolidated and relatively soft soils (sand, silt and clay)
which are optimum for slant driling. The company which compileted this job,
Cherrington Corporation, was the only company who felt that they could drill up
to a 7,000 foot long hole for a 42 inch pipe if the soil conditions were appropriate.
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Although information on the geology of the Waikiki area (Ferrall, 1976) was
provided to a total of five drilling companies that initially showed interest in drilling
a 6,000 to 7,000 foot long hole, only Cherrington Corporation submitted a
preliminary budget for the Ala Wai Project (Appendix G).

All the companies agreed that the main risk associated with drilling a long hole
is related to the quality of the subsurface soil along the drilling path. If pockets
of unconsolidated materials are found along the drilled path, it is possible that soil
may fall and clog the already drilled hole ("cave in* phenomenon). One solution
to this problem is to pump concrete into these pockets of unconsolidated
materials to minimize the risk of cave in. The presence of pockets of non seif-
supporting soils would increase substantially the cost of the operation. Given the
geological data published for the area of Waikiki (Ferrall, 1976), it is not
unreasonable to expect that some of these pockets would be encountered along
the drilling path, and therefore, increase the risk and price of the drilling operation.

A second concern expressed by the driling companies was the fact that bentonite
drilling mud might not be allowed in this operation due to environmental concerns
that the fiuid may leak into the ocean waters. Recent experience with horizontal
drilling at Keahole, Hawaii (Wilkins et al., 1992) revealed that the use of bentonite
was prohibited by the U.S. Army Corp of Engineers since the coastal waters at
Keahole were classified as Class AA. Although the waters off Waikiki are
classified as Class A, and therefore have less environmental restrictions than the
waters off Keahole, it is not known at this point if the use of bentonite drilling mud
would be allowed. If bentonite were not ailowed in Waikiki, the risks and cost of
the drilling project would increase even further since friction resistance would build
up considerably faster with other drilling fluids than with the use of bentonite.

In terms of the land area required for the drilling operation to take place, it varies
with the type of rig and the size of the job. Land area between 1/4 acre (for
small rigs) up to 1 acre (for larger rigs) were requested by the contractor
companies. For the length and size of the hole desired, an area close to one
acre would be required. Currently, there is no such area available at the end of
the Ala Wai Canal. An alternative would be to use part of the Jefferson School
grounds or one end of the Honolulu Zoo (Figure 5-11) to set up the rig. Then,
an open trench excavation would be required to connect the drilled hole with the
Ala Wai Canal. An additional constraint in the location of the drilling rig is that it
is difficult to drill on a horizontal curve with this large diameter pipe, therefore, the
drilling path must be as close as possible to a straight line.

5-7
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e Due to the length of the pipeline proposed for the Ala Wai Project, a heavy steel
pipe is the most likely candidate to be used as the pipeline material. This pipe
would have to be protected against corrosion to extend its life.

The following provides a summary of the capital and operational costs of Alternative No.
2, the directionally drilled pipeline system based on 1992 dollars.

Engineering Design And Permitting Costs $486,000
Construction Costs $22.913.000
Subtotal $23,398,000

Contingency 20% 4 00

TOTAL ESTIMATED ENGINEERING & CONSTRUCTION COST $28,079,000
ESTIMATED ANNUAL OPERATING AND MAINTENANCE COST $55,000

The above estimated construction cost for the directionally drilled pipeline indicates that
even under favorable soil conditions and assuming that bentonite can be used as a
drilling fiuid, this alternative is much more expensive than the alternative involving laying
a pipe along the Ala Wai Canal.

5.3. DEEP GROUNDWATER SOURCE SYSTEM

The initial task evaluation performed by TNWRE was to acquire and evaluate available
historic data on the subsurface hydrogeology of the eastern end of the Ala Wai Canal
in order to assess the feasibility of providing between 20 to 30 cfs deep groundwater
flow rates. Figure 5-12 shows the locations of deep wells for which boring logs are
available. Three gsologic cross-sections, 1-1’, 2-2, and 3-3' whose locations are shown
in Figure 5-12 are provided in Figures 5-13, 5-14 and 5-15, respectively, and represent

the present interpretation of the data.

In general, Figures 5-13 to 5-15 indicate that the first 20 to 30 feet of caprock sequence
is comprised of lagoonal deposits, coralline debris, terrestrial alluvium, and/or imported
fill. This layer is generally poorly permeable and can be very compressibie if subject to
dewatering. A pervasive, 10 to 30 foot thick coral ledge lies immediately below this first
caprock layer, and is underfain by layers of coral and sand, in some places interrupted
by a lens of coralline mud or alluvium of limited thickness and aerial extent.

At depths of 80 to 120 feet below the surface, a layer of later stage volcanics occurs
which is typically 50 to 80 feet thick. This layer apparently underlies the entire east end

5-8
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of the Canal and pinches out toward the west. Although there are only a few drill logs
available for borings which have penetrated through this volcanic layer into the
formations below, these logs suggest that a layered sequence of corals, sands,
calcareous muds, and "clays" (of unidentified origin) exists below the later-stage
volcanics. The volcanic basement is likely to be 600 to 700 feet below the surface on
the mauka side of the Canal, which means that the sequence of corals, sands, and clays
between the two volcanic layers is about 400 to 500 feet thick.

From a technical view point, while it may be possible to withdraw groundwater at the
flow rates required from the uppermost coral ledge, it is likely that dewatering of the
overlying lagoonal deposits would occur, causing subsidence problems as has occurred
during various construction projects in the Waikiki area. Moreover, the groundwater
from this uppermost coral ledge would not have the high salinity and low nutrient levels
as required by the water quality modeling resuits.

An option that looks optimistic is to withdraw water from the lower coral layers below the
later stage volcanic layer, at withdrawal depths between 130 to 200 feet below the
surface. The later stage volcanics, particularly the Diamond Head tuff formation at the
gast end of the Canal, may function as an aquitard, which is a layer that is relatively
impermeable and resists the through-flow of groundwater. In this situation, the aquitard
tayer would provide an effective hydraulic separation from the uppermost coral layer and
its overlying lagoonal deposits, thereby greatly minimizing the potential for dewatering
of the uppermost lagoonal deposits with its attendant subsidence problems. A
calcareous mud layer below the later-stage volcanics may also function as an aquitard.
Figures 5-13 and 5-14 schematically show the proposed deep groundwater wells.

The deep groundwater well is likely to produce water with a salinity of 32 to 35 parts per
thousand (ppt), littie or no dissolved oxygen, and major ions differing from seawater only
by the ion exchange which occurs in passage through the coral formation. There is
some risk of organic contamination from lagoonal deposits, possibly resuiting in high
ammonia and sulfides concentrations, but this can probably be avoided through proper

well design.

Very little use is presently made of water from this aquifer and none of it occurs at the
depth of plumage of the proposed deep groundwater well. Thus, the proposed deep,
groundwater well supply proposed above would have no adverse effects on either
existing potable water supplies or the existing groundwater supply used for irrigation of

the Ala Wai Golf Course.




The TNWRE report analyzed two pumping schemes: high volume, low head propeller
pumps together with an aeration system; and an air lift pumping system. The propeller
pumping system offers greater flexibility and is considered a more realistic concept than
the air lift system. Thus, the following evaluation focuses on the propeller pumping
system which has a larger estimated construction cost than the air lift system. Appendix
H provides the details of the air lift system. Figure 5-16 shows a schematic description
of the propeller pumps, mechanical aeration to increase the dissolved oxygen from O to
5.0 mg/liter, and the across-canal diffuser system. Figure 5-17 provides a conceptual
design layout of the proposed seawater supply wells at the Ala Wai Golf Course.

In order %o provide a basis of comparison with the direct seawater source systems, the
seawater well option has been evaluated based on five 200 foot deep wells (130 feet of
18-inch solid casing grouted in-place and 70 feet of open hole), each® well delivering
2,500 gpm, spaced nominally 200 feet apart. The following describes the estimated
construction and operation and maintenance costs for the proposed seawater supply
wells where all costs are in 1992 dollars.

Engineering Design And Permitting Costs $475,000
Construction Costs $2,125.000
Subtotal $2,770,000

Contingency 20% _$554.000

TOTAL ESTIMATED ENGINEERING & CONSTRUCTION COST ' $3,324,000
ESTIMATED ANNUAL OPERATING AND MAINTENANCE COSTS $190,000

While the prospects for obtaining the required seawater supply from deep groundwater
wells located at the Ala Wai Golf Course appear optimistic, in order to proceed with this
concept, a prototype production well drilling and testing program would be necessary
to confirm the expected subsurface geologic strata and water quality, estimate the
potential yield from coral layers at depth, demonstrate that such high capacity pumping
can be accomplished without adverse effect, and to develop other design parameters.

Figure 5-18 shows a schematic design of the prototype production well. A pilot borehole
would be drilled, using rotary drilling equipment, to a depth of approximately 250 feet (or
deeper if required by the strata encountered). Based on the geologic strata results, the
casing depth would be selected, and the open hole completed as described in Figure
5-18. Full scale pumping tests would then be conducted. Placement of sounding tubes
to various depths in the annular space would enable the effects of pumping on overlying

5-10
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layers to be measured, thereby demonstrating that pumping could occur without de-
watering the overlying surficial lagoonal deposits.

In addition to the drilling and testing of a single prototype production well, 4 smaller
diameter boreholes will also be drilled, to depths of about 250 ft, in order to confirm the
subsurface geologic strata of the entire proposed groundwater source area at the Ala

wai Golf Course.

Finally, to confirm and insure that the proposed groundwater source waters have the
necessary and required water quality characteristics to serve as flushing waters for the
AWGC, both water quality and toxicity tests will be performed. The water quality
monitoring for the test well will consist of the periodic collection and analysis of water
samples for constituents which are inciuded in the State of Hawaii's water quality
standards, other parameters of potential impact to biological responses, and potentially
toxic heavy metals. The proposed parameters 10 be measured include:

Dissolved Oxygen

Ph

Salinity

Nitrate + Nitrite
Ammonium

Phosphate

Total Nitrogen

Total Phosphorus
Turbidity

Total Suspended Solids

Heavy metals to be measured include:

Aluminum Lead
Arsenic Magnesium
Barium Manganese
Cadmium Mercury
Chromium Nickel
Copper Selenium
Calcium Silver

Iron Zinc




Whole water bioassay tests will be performed utilizing larval fish, shrimp and sea urchin
gametes as test organisms. Appropriate numbers and replicates of test organisms will
be exposed to the groundwater source well water for periods of 96 hours for larval fish
and shrimp, and for 1 hour for urchin gametes. The mortality of test organisms will be
compared to that of test organisms exposed to sea water controls; paralle! tests utilizing
known concentrations of standard toxicants (sodium dodecyl sulfate and copper sulfate)

will also be run.

Well water tests will be performed within one week after the start of the test well
pumping, once at the mid-point of the test period, and once immediately before the end
of the test period. The estimated cost of this prototype production well testing program
is estimated to be about $300,000.

-

5.4. SUMMARY AND RECOMMENDATIONS
The following summarizes the conceptual design evaluation of the various candidate
options and Table 5.1 provides a summary cost comparison of the three options.

TABLE 5.1
Summary of Cost Comparisons for the
Three Flushing Seawater Supply Alternatives -

Alternative Description Cost

merqged_Pipelin tem Laid In The AW
Estimated Construction Cost $ 8,471,500
Estimated Annual Operating & Maintenance Cost $ 71,500

Directionally Drilled Pipelin tem
|

Estimated Construction Cost $ 28,079,000

Estimated Annual Operating & Maintenance Cost $ 55,000
roundwater Waell I tem '

Estimated Construction Cost $ 3,324,000

Estimated Annual Operating & Maintenance Cost $ 190,000
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One concept involves injecting seawater into the Kapahulu end of the Ala Wali
Canal using an ocean seawater source intake, located near the entrance channel
to the Ala Wai Boat Harbor, whereby the seawater is conveyed using a
submerged pipeline in the Ala Wal canal. The entire pipeline system would be
about 16,500 foot long comprised of 40 and 42 inch diameter HDPE pipe and
would inciude an intake manifold in a water depth of about 40 feet below the
surface, a submerged pump station with 3 pumps located in the Ala Wai Boat
Harbor adjacent to Magic Island, and 8 diffuser system at the Kapahulu end of
the AWC. This conceptual design is technically feasible, involves minimal risks,
and fabrication of the pipeline system and its deployment are considered to be

relatively uncomplicated tasks.

The estimated construction cost with a 15% contingency is about $8,471,500 and
the annual operating and maintenance Costs are estimated to be about $71,500.

A second concept of obtaining ocean seawater invoives using a directionally
drilled underground pipeline system petween the Kapahulu end of the Ala Wai
Canal to a location off Waikiki Beach in a water depth of 40 feet. The 7,000 ft
long hole, which and would be drilled to a large diameter for installation of a 40
to 42 inch diameter stee! pipeline, is pasically beyond the current state-of-the-art.
if constructed, this pipeline would be the longest and largest diameter hole drilled
in the world, using directional driling technology. '

Significant risks are associated with this directionally drilled pipeline concept as
follows:

o] The quality of the subsurface soil along the drilling path is not known in
detail. The presence of unconsolidated, non self-supporting soils along the
drill route would considerably increase the risk and cost of the drilling

operations.

0 There is the potential that bentonite mud drilling fiuid would not be allowed
in the drilling operations due t0 environmental concerns and fear that the
fluid may leak into the nearshore waters of Waikiki Beach. The use of a
more "environmentally acceptable” drilling fiuid would increase the risks and

costs of the operations.




T
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The preliminary construction cost estimate for the directionally drilled pipeline
system including a 20% contingency factor is about $28,079,000 with an annual
estimated operations and maintenance cost of about $55,000.

A third concept of obtaining a seawater supply involves driling deep groundwater
wells located at the Ala Wai Golf Course. The fimited information on the
subsurface geologic strata indicates that the prospects for successful
development of saltwater wells along the mauka side of the east end of the Ala
Wai Canal are reasonably good. These groundwater wells would draw water from
coral fayers lying pbelow later stage volcanics or deeper coralline mud layers,
thereby minimizing the risk of dewatering the surficial lagoonal deposits with its

attendant subsidence problems. In all likelihood, aeration of the deep saline water
would be necessary but no other treatrent would be required.

The conceptual design for construction cost estimating purposes consists of five
200 foot deep wells with the upper 130 feet comprised of an 18 inch diameter
solid casing pipe grouted in-place and the remaining 70 feet of open hole. Each
well has been designed to deliver 2,500 gpm and the wells have been spaced
000 feet apart. A central aeration system has been included to increase the
dissolved oxygen concentration of the saline water from an expected 0 to 5.0
mg/liter. The aerated saltwater would then be discharged into a diffuser system
across the Canal width.

The estimated construction cost estimate for the dzep groundwater wells with a2
20% contingency is about $3,324,000 and the annual operating and maintenance
costs are expected 10 be about $190,000.

in order to proceed further with the technical feasibility evaluation of the deep
groundwater well supply concept, 2 prototype production well driling and
evaluation program will be necessary. The proposed prototype production test
well would be drilled to a depth of about 250 feet or greater, the upper section
of the hole would be cased, sounding tubes would be installed in the annular
space at various depths to test tor de-watering of the upper layers, and full scale
pumping tests would be conducted.

in addition to the prototype production well, 4 small diameter boreholes will be
drilled to depths of about 250 ft or greater, in order tO provide subsurface
geologic strata data on the entire proposed groundwater source area at the Ala
Wwai Golf Course.

5-14
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Finally, to insure that the necessary and required water quality characteristics are
available from the deep groundwater source, extensive water quality testing,
including toxicity tests will be carried out. The estimated cost for the prototype
production well driling and testing program is about $300,000.

Based on the above conceptual design evaluations, the following recommendations are
provided. '

1.

Due to the significant cost difference between the deep groundwater well supply
concept and the laying of a submerged pipeline in the Ala Wal Canal, it is
recommended that a Prototype Production Well Drilling And Testing Program be
implemented in order to verify the subsurface geologic strata and water quality,
determine the fiow rate capability of the proposed wells, and evaluate potential
impacts of the deep well concept.

If the well testing and evaluation program confirm the technical and environmental
feasibility of the deep groundwater well concept, then it is recommended that an
up-date and revision of the.conceptual design and construction cost estimate for
the saltwater well supply be performed. This up-dated constructlon cost estimate
can then be evaluated for future implementation.

If the well testing program indicates that the deep groundwater well supply
concept is not feasible, then it is recommended that the Alternative No. 1
submerged pipeline system in the Ala Wai Canal be considered for

implementation.
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CHAPTER 6
ENVIRONMENTAL IMPACT EVALUATIONS

6.1. INTRODUCTION
This chapter provides an evaluation of the environmental impacts associated with both

the proposed deep groundwater well concept, and the submerged pipeline system
constructed in the Ala Wai Canal with an intake in the entrance channel to the Ala Wai
Boat Harbor. While the deep groundwater well system is the preferred alternative
primarily based on its low estimated construction cost versus the submerged pipeline
system, should this concept prove to be infeasible during a proposed prototype
production well drilling and testing program, the alternate submerged pipeline system’
would then become the recommended alternative. The probable impacts common to
both alternative concepts are discussed first, followed by discussions of impacts specific

to each concept plan.

6.2. ENVIRONMENTAL IMPACTS COMMON TO BOTH PROPOSED SYSTEMS

One of the necessary criteria for the deep groundwater well system is that the supply
water should have the same general characteristics as coastal seawater. Based on this
criterion, the water quality impacts due to both proposed flushing water systems for the

Ala Wai Canal are identical.

Chlorophyll Concentrations: The existing chlorophyll concentrations in the AWC, as
generally represented by the Base Case 2-D mode] results, have maximum values that
typically range to about 50 ug/I, with the worst concentrations existing at the Kapahulu
end of the Canal which range from 50 - 30 rg/l varying from the surface to the bottom
respectively. Field measured dissolved oxygen concentrations are generally in the 5
mg/l range throughout most of Canal waters except in the lower layers of the Inner
Basin, the region between the confiuence of the Manoa-Palolo Stream and the end of
the Canal, and at the Kapahulu end of the Canal. In the bottom layer of the Inner Basin
the dissolved oxygen concentration are about 1 mg/I.

The proposed injection of 20 cfs seawater into the Kapahulu end of the AWC will
decrease the chlorophyll concentrations from present conditions, to maximum
concentrations ranging from 3.5 - 6.5 ug/), with the Kapahulu end of the Canal yielding
chlorophyll concentrations between 6.5 to 0.2 varying from the surface to the bottom,
respectively. If the maximum seawater inflow rate of 30 cfs is utilized, the maximum
chlorophyll concentrations would typically range from 1 - 2 ug/l, with the Kapahulu end
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of the Canal having chlorophyll concentrations between 2.0 to 0.2 ug/! varying from the
surface to the bottom, respectively. This reduction in chlorophyil concentration will resuit
in improved water quality and water clarity. —

Dissolved Oxygen Concentrations: Dissolved oxygen concentrations will improve when
20 cfs of seawater is injected into the Kapahulu end of the AWC. In the present
situation, the dissolved oxygen concentrations in the Canal are typically in the 5 mg/!
range, except in the bottom layers of the Inner Basin with concentration of about 1 mg/! -
and at the Kapahulu end of the AWC shows concentrations of 1-3 mg/i. When a 20 cfs .
seawater flushing water inflow is provided, the variations throughout most of the Canal
waters are relatively small when compared to the existing conditions (Base Case), but
the improvement in the inner Basin and at the Kapahuiu end of the AWC are more
significant. In general, the dissolved oxygen concentrations in the Inner- Basin and at -
the Kapahulu end of the Canal typically range between 4 - 6 mg/l, with no significant
decrease in the lower layers. The dissolved oxygen concentrations for a 30 cfs seawater
inflow are very similar to the 20 cfs seawater inflow case. The more dense seawater
effectively flushes the bottom layers, thereby improving its water quality characteristics.

Water Clarity: During typical conditions in the Ala Wai Canal, when no significant rainfall T
events occur, the water clarity in the Canal waters is primarily determined by the water —
column chiorophyll concentrations. Under present conditions with typical maximum
chiorophylt concentrations of 30 - 50 ug/l, the depth that a solid colored white object
(Secchi Disk) can be visually seen is about 6 - 4 feet respectively. In the case of the
Ala Wai Canal, since the bottom is dark in color, the ability to see the Canal bottom is -
reduced from these standard Secchi Disk values.

With reduced chlorophyli concentrations of the order of 5 ug/| as are expected to be
produced for a 20 cfs seawater injection rate, the depth at which the Secchi Disk can
be visually seen are expected to be on the order of 11 - 12 feet, or about 2 to 3 times
the water clarity that presently exists in the Canal. For a 30 cfs seawater inflow rate, the --

expected chlorophyll concentrations of 1 - 2 ug/| convert to Secchi Disk distances of the —
order of 13 feet. Thus, it is expected that water clarity conditions will improve
significantly.

improvement in water clarity will provide a greater opportunity to see the bottom of the

Ala Wai Canal. Since the Canal bottom is a repository of debris and trash accumulated -
over decades, this new view of the Canal bottom will probably be unsightly. This
unattractive view will likely prompt concerned citizens to complain about this situation. -

Therefore, an active maintenance program of bottom debris removal and dredging
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should be implemented as recommended in the "Maintenance Plan for the Ala Wai
Canal".

Odor: The injection of flushing seawater will generally not have any immediate impact
on odor from the Afa Wai Canal waters. The odor associated with the Canal are
primarily caused by hydrogen sulfide generated in the bottom sediments due to anoxic
conditions. When these bottom sediments are disturbed during stormwater discharges
or during dredging operations, temporary odor problems may occur. On the other
hand, should the source of the odor come from suspended material in the water column,
the reduced residence time of the Canal waters associated with the proposed flushing

seawater system will tend to mitigate this odor problem.

in the long term, the continuously operated seawater flushing system will provide an
improvement to the general odor problems of the Canal. With the expected significant
reduction in phytopiankton growth, as evidenced by reduced chiorophyll concentrations,
there would be less organic detritus materials which would settle on the bottom, thereby
reducing the potential for hydrogen suifide generation. When maintenance dredging of
the Canal is combined with the seawater flushing effects, the potential to significantly
improve the odor problems of the Canal are excellent.

Water Quality Impacts To The Boat Harbor And Ocean: While the 20 - 30 cfs seawater
injection rates into the Kapahulu end of the Ala Wai Canal will improve the water quality
conditions within the Canal and in the main channel between the Ala Moana Bridge and
the ocean entrance channel, there would be only small change in the water quality
conditions in the Ala Wai Boat Harbor vessel mooring areas. For example, the existing
chlorophyll concentrations at a representative harbor location vary from 5.5 - 0.9 ug/!
from the top to bottom layers, respectively, and the 20 cfs seawater flushing water inflow
rate will change these values to 3.5 - 0.9 pg/l from the top to bottom layers,
respectively. In general, the water quality of the bottom layers of the Ala Wai Boat
Harbor is controiled by the circulation of the more dense ocean water, while the surface
layer is controlled by the less dense Ala Wai Canal waters. Consequently, improvements
in the Canal water quality only affects the upper layers of the Ala Wai Boat Harbor
waters. In general, improvements in the Ala Wai Canal water quality improves the water
quality in the upper layers of the waters in the Ala Wai Boat Harbor.

The discharge of the waters from the Ala Wai Canal into the nearshore ocean receiving
waters through the entrance channel to the Ala Wai Boat Harbor, will provide an
improvement over existing conditions when flushing seawater is injected into the
Kapahulu end of the Canal. In the present situation as represented by the Base Case,
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the maximum chlorophyil concentration at the ocean end of the Ala Wai Canal near the
Ala Moana Bridge is about 12 ug/! in the surface layer. When a 20 cfs seawater inflow
rate is provided, the surface layer chiorophyll concentration is reduced to about 3.5 ug/!
at this same location. Thus, the clarity of the discharging flow into the ocean receiving
waters would be better when flushing water is provided. At the Ala Moana Bridge
location, the 12 and 3.5 pg/l concentrations convert t0 Secchi Disk depths of
approximately 9.4 and 11.8 feet respectively.

Beside the improved clarity of the discharging Canal water into the ocean receiving
waters due to the seawater flushing system, the dissolved nutrient levels within the
discharging waters will be higher than present conditions, since less opportunity has
been provided for phytopiankton growth to uptake the nutrients. The large volume of
ocean receiving waters are easily able to assimilate this additional nutrient 1oad and there
would be no biological consequences due to this added nutrient discharge.

Bacteria: In general, bacteria which enters the Ala Wai Canal does not grow within the
Canal waters, but instead undergoes dieoff. Bacteria dieoff is very sensitive to water
salinity, where the dieoff rate is much higher in a seawater environment than in fresh
water. Bacteria dieoff rates are usually described by the time that it takes for 80% of the
bacteria to die from its initial value, designated Ty, For example, coliform bacteria dieoff
rates, Tg,, in seawater are of the order of 15 - 60 minutes. In fresh water, coliform dieoff
rates are estimated to be of the order of 24 hours. Consequently, bacteria concentration
measurements in the Ala Wai Canal consistently show a significant decrease with
distance below the surface, particularly between the brackish surface layer and the lower

near-seawater layers.

Bacteria concentrations in the Ala Wai Canal will improve from their present conditions
when the 20 - 30 cfs seawater inflow is injected into the Kapahulu end of the Canal. The
injected seawater and its consequent circuiation will induce vertical mixing, thereby
increasing the salinity in the upper layers with its attendant biocidal effects. Moreover,
the flushing seawater inflow will reduce the residence time of the waters in the entire
Canal, and more rapidly transport the upper layers into the ocean receiving waters
where the high salinity concentrations will promote rapid dieoff.

Hydraulic Capacity: The existing bathymetry of the Ala Wai Canal has insufficient
capacity to handle the 100-year peak discharge flow of about 28,800 cfs due to rainfall
runoff. At present, without maintenance dredging of the sill area between the McCully
Bridge and the confluence of the Manoa-Palolo Stream, the carrying capacity of the
AWC is about 12,700 cfs based on the average height of the makai bank of the Canal.
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Even with the dredging of the sill area to -10 feet MLLW, the carrying capacity of the
Canal is not greatly improved since the flow capacity is restricted by the narrow width
of the channel between the McCully Bridge and the Ala Moana Bridge. Preliminary
analysis indicates that the Ala Wai Canal would need to be dredged to about -20 feet
MLLW in order to handle the 100-year peak flow discharge.

The proposed flushing seawater systems will have minimal circulation flow influence
during any significant rainfall runoff discharges into the Ala Wai Canal. The 20 - 30 cfs
is an insignificant additional flow when compared to even small rainfall runoff events
which vary annually from typically 100 cfs to 4,000 cfs. The present suspended solids
material which inflows into the Canal due to stormwater runoff, and which does not
deposit in the Canal, produces significant turbidity and poor water clarity both in the
Canal and in the Ala Wai Boat Harbor, and in the nearshore receiving ocean waters.
This situation would not be char{ged by the addition of the minuscule 20 - 30 cfs flushing
seawater inflow.

Water Quality Impacts During Significant Rainfall-Discharge Events: While the circulation
flow physical effects are minimal during a significant discharge flow event, the water
quality consequences are more significant. Table 6.1 describes the chlorophyli
concentrations for the Base Case (existing conditions) including a 2,150 cfs stormwater
discharge flow into the Ala Wai Canal, without and with the proposed 20 cfs seawater
inflow at the Kapahulu end of the Canal. The 2,150 cfs stormwater discharge flow was
arbitrarily selected as representing about a yearly return period peak stormwater
discharge flow into the Ata Wai Canal.

Notice that for the BC plus 2,150 cfs stormwater discharge, the chlorophyll
concentrations are all very low throughout the Canal except in the lower layers of the
Inner Basin where they are very high reaching levels of about 150 ug/l. In this situation
the less dense fresh water flow layer isolates the lower layers of the Inner Basin, due
both to the vertical cap and due to the inability of ocean waters to flow into the Canal
in the bottom layers. The result is an increase in the residence time of the waters in the
lower layers of the Inner Basin, and consequent increase in chlorophyll concentrations
and reduction in dissclved oxygen. When the 20 cfs seawater inflow is added to the BC
plus 2,150 cfs stormwater inflow, Table 6.1 indicates that the chlorophyll concentrations
in the lower layers of the Inner Basin improve to S0 - 100 ug/l. These chlorophyll
concentration results should be viewed as qualitative indications of the water quality
effiects since the 2-D model results are associated with steady-state, equilibrium
conditions, and the 2,150 cfs stormwater inflow rate is not expected to last for many
days. In general, the flushing seawater inflow would have a small, beneficial water
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quality effect during significant stormwater discharges into the Ala Wai Canal.

TABLE 6.1
Chlorophyll Concentrations for Base Case with 2,150 cfs Storm Discharge with and
without 20 cfs Seawater Inflow Condition ' :

M—
Station Number

Description

BC With Storm Discharge

(Total 2,150 cfs)
0.13 0.16 0.74 0.55

-

TOP
miooLe| o027 | 019 | o026 | 023 | o2 017 | 015 | o080 | 1.07
BOTTOM| 0.71 | 025 | 0.33 ‘0.40 | 7.47 | 148.8| 157.5| 018 { 0.74
max| 071 | 025 | 033 | 040 | 717 1488| 157.5] 080 | 1.24

BC With Storm Discharge &
20 cfs Seawater Inflow

ToP| 011 | 010 | 013 | 0.13 0.42 | 013 | 0.14 } 032 0.60
MDDLE! 025 | 017 | 022 | 0.19 047 | 015 | 0.14 | 0.19 1.08
goTroM| o071 { 022 | o028 | 0.33 440 l9153 | 1019} 0.16 0.74
Max| o071 | 022 | 028 | 033 440 |91.53 | 101.9} 033 1.30

(

During significant stormwater discharge events, the flushing seawater inflow will have
essentially no effect on the existing turbidity and water clarity of the discharges into the

ocean receiving waters.

Discharge Manifold Velocity: For either flushing systems the discharge waters from the
diffuser systemn across the Kapahulu end of the Canal, Would be designed to have a
discharge exit flow velocity of about 4 ft/sec. This fiow velocity would quickly dissipate
(within about 25 - 50 feet from the diffuser) and the mean speed averaged across the
cross-section would be imperceptible as described previously. The 4 ft/sec velocity is
about equivalent to the discharge velocity from a typical 3/4 inch diameter water hose
with the spigot fully opened, and consequently will not provide any danger to people or

to vessel navigation.

Mean Water Velocity: The physical injection of 20 - 30 cfs seawater at the Kapahulu end
of the AWC will have an insignificant effect on the mean water velocities in the Canal.
In the area between the McCully Bridge and the Kapahulu end of the Canal where most

6-6




of the canoe racing is performed, typical mean water speeds due to the maximum 30
cfs seawater inflow, increases by only 0.016 - 0.046 #t/sec (0.011 - 0.032 miles/hour).
The maximum speed increases are in the area of the Sill due to the reduced cross-
sectional area. These water current speed changes would essentially be imperceptible
to the recreational users of the Canal. To place this current fiow change in perspective,
the maximum mean current ficw speed increase of 0.032 miles per hour in the Sill area
would be equivalent to the effects of a 1 mile per hour wind velocity blowing on the
water surface.

Changes to Canal Configuration: It is noted that the new Waikiki Master Plan
recommends creating a boat turning basin at the Kapahulu end of the Ala Wai Canal by
incorporating a semi-circular waterway extension on the mauka end of the Canal. This
Master Plan concept is compatible with the conceptual design of the diffuser discharge
system. The discharge system can easily incorporate such changes in configuration
of the Canal end section, while still performing its technical function. In this situation,
the diffuser system would extend into the semi-circular turning basin, but iocated along
the Kapahuiu edge to minimize interference with vessel navigation. it is also possible
to incorporate water fountains into the discharge system, which would promote both
mixing and aeration of the injected water.

Hawaii and National Register of Historic Places: The Ala Wai Canal is presently being
considered by the Hawaii Historic Places Review Board for nomination to the Hawaii and
National Registers of Historic Places. The proposed deep groundwater well supply
system or the submerged pipeline laid in the AWC to provide flushing waters at the
Kapahulu end of the AWC, will not significantly impact the structural characteristics and
features of the Canal, particularly the mauka and makai banks of the canal. At most,
a small portion of the mauka bank would need to be excavated in order to construct the
underwater diffuser system pipeline for the deep groundwater well system, or for the
assembly and deployment of the discharge pipeline for the submerged pipeline system
laid in the AWC, and upon completion of this construction, the bank would be re-buiit
to its original design. Thus, no impacts associated with the nomination and possibie
acceptance of the Ala Wai Canal on the State and National Registers of Historic Places
are envisioned.

6.3. IMPACTS SPECIFIC TO THE DEEP GROUNDWATER WELL SUPPLY SYSTEM
As part of the feasibility evaluations of the deep groundwater well system to provide
saline water for flushing of the Ala Wai Canal, the subsurface geologic strata on the
mauka side at the east end of the Canal was evaluated. The basis for an optimistic view
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of this concept is associated with the interpretation of the available deep drilled well data
which show the potential for an impermeable layer (aquitard) to exist, which would
restrict groundwater through-flow. The boring logs indicate the this aquitard, comprised
of a later-stage volcanic layer, underlies the entire east end of the Canal and is located
at depths of 80 to 120 feet below the ground surface with thicknesses of typically 50 to
80 fest. If this is the case, then the aquitard would provide effective vertical hydraulic
separation between the pumped saline waters and the brackish groundwater. The saline
in-flowing waters which make-up for the withdrawn waters would flow horizontally within
the lower coral layers. The aquitard would also minimize dewatering of the surficial
lagoonal deposits and thereby prevent any localized subsidence which could cause

damage to structures and property.

The potential for subsidence due to dewatering and its effect on structures will also be
minimized since the deep groundwater wells are proposed to be located on the Ala Wai
Golf Course, and would be situated away from major building structures.

In addition, a calcareous mud layer also appears below the later-stage volcanic layer
which could also function as an aquitard. On the Ewa Plane, a widespread calcareous
mud layer at depth is currently being utilized as an aquitard, providing hydraulic
separation of the overlying coral aquifer which is being used as a source of supply
water, from an underlying coral aquifer which is used for disposat.

The proposed deep groundwater wells would be withdrawing water from an aquifer
which is hardly used, and none of its uses occurs at the depth of pumpage proposed
herein. Conseguently, the proposed groundwater well supply system will not adversely
affect any existing groundwater wells, whether potable or irrigation water.

The option to utilize a deep groundwater well system to supply flushing water for the Ala
Wai Canal will need to be further evaluated through a Prototype Production Well Drilling
And Evaluation Program. The objectives of this test program are to confirm the
existence of the aquitard layer, test and insure that adequate flow rates can be produced
without adverse effects, and verify the adequate water quality of the expected saline
groundwater. Should any of the test results and evaluations indicate that this concept
is not feasible based on the above-described criteria, then it is recommended that the
alternate submerged pipeline system in the Ala Wai Canal be considered.

There would be some noise generated during the drilling of the deep groundwater wells,
installation of the well casings and pumps, construction of the interconnecting under-
ground pipelines, construction of the aeration system, and deployment of the diffuser
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system across the Canal width. The construction generated noise would be temporary,
and since the entire system is expected to be constructed in open area, away from
building structures, the construction noise impacts are expected to be minimal.

During operations, some noise is expected from the well and aeration pumps, but these
pump noise levels would be reduced by acoustic containment in order to meset
Department of Health noise regulations.

As part of the deep groundwater well supply system construction, the Kapahulu end of
the Ala Wai Canal should be dredged to -6 feet MSL to provide a smooth transition for
the discharging flushing waters. This dredging was a proposed option during the design
of the 1977-1978 maintenance dredging project, but due to lack of funds this option was
not implemented. It is recommended that during the next maintenance dredging of the
Ala Wai Canal, that the Kapahulu end of the Canal also be dredged. If this is not
performed as part of the maintenance dredging for the Canal, then the dredging of the
Kapahulu end of the Canal would be performed during the construction of the deep

groundwater well supply system.

It is estimated that about 5,000 yd® of material would be dredged from the last 400 feet
of the Canal. Due to the small volume of material, it is likely that land disposal of the
dredged spoil would be more cost-effective than ocean disposal. The expected dredging
activities would include the hydraulic dredging and pumping to a de-watering site either
at the contractor's work area or in an isolated part of the Canal. After sufficient de-
watering to facilitate handling, the spoil would be loaded into trucks for transport to the
landfill site. Potential environmental impacts include odor problems in the de-watering
area, visual and noise effects, traffic interference due to truck traffic, and the use of
landfill capacity which is a scarce commodity on Oahu. Between the end of the Ala Wai
Canal and Kapahulu Avenue are located the Library for the Blind & Physically
Handicapped and the Waikiki-Kapahulu Public Library. Noise levels in these areas will
meet Department of Health noise regulations. The Thomas Jefferson Elementary School
is located across the Ala Wai Boulevard and the Diamond Head School is located across
Kapahulu Avenue. These two schools should not be affected by the dredging activities.
The estimated time period for this dredging activity is about 2 weeks.

The construction of the diffuser discharge system across the Kapahulu end of the Ala
Wai Canal will impact the existing benthic community structure. Since the Ala Wai Canal
waters and bottom are a highly impacted area due to stormwater discharges with their
attendant sedimentary loads, debris, and trash which deposits on the entire Canal
bottom, the impact of the diffuser system construction will be insignificant.
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6.4. IMPACTS SPECIFIC TO THE SUBMERGED PIPELINE SYSTEM IN THE ALA WAI
CANAL
The proposed submerged pipeline system to discharge flushing seawater at the
Kapahulu end of the Ala Wai Canal consists of an intake structure located of about 40
feet below the surface; 4,000 feet of 40 inch diameter high density polyethylene (HDPE)
suction pipeline laid on the ocean bottom; a submerged 3-pump station adjacent to
Magic Island with the top of the station 2 feet below the water surface; a 12,500 foot
long, 42 inch diameter HDPE discharge pipeline extending from the submerged pump
station to the Kapahulu end of the Canal, which is typically partially buried and routed
on the mauka side of the Canal near the mauka bank; and an 80 foot long, 28 inch
diameter HDPE pipeline discharge manifold located laterally across the width at the
Kapahulu end of the Canal, piaced on the bottom and secured with concrete collar

weights.

Intake Structure And Pipeline: The intake structure will be placed on the west side of
the Ala Wai Boat Harbor entrance channel. Two intake suction manifolds consisting of
36 inch diameter pipe sections will be elevated between 9 - 15 feet off the bottom in
order to minimize the entrainment,of bottom sand. A total of 360 3-inch diameter holes
will be drilled into each suction manifold, yielding maximum (at 30 cfs inflow) intake
velocities of less than 1 ft/sec. This maximum intake velocity together with the horizontal
intake flow direction will minimize the suction of marine life and ensure that there would
be no danger to divers. It is known that fish are sensitive to horizontal velocities and
can sense and escape from this flow. But they are insensitive to vertical velocities and
can easily be sucked into an intake if the intake flow was directed downward.

The highest paint of the intake manifold structure would be about 40 feet below the
surface, which is much deeper than the maximum draft of vessels that navigate in the
area and into the Ala Wai Boat Harbor, and thus poses no danger to vessel navigation.

Both field measurements and analysis indicate that short-circuiting of the intake water
with the exiting Ala Wai Canal and Boat Harbor waters would not be a problem. The
flow layers are stratified in the area of the intake structure, with seawater comprising a
major part of the lower water column and the less dense Canal and Harbor waters

confined to the upper surface layers.
The intake manifold structure and the suction pipeline will be supported by hold down

brackets which will elevate the bottom of the pipeline about 1 - 2 feet off the ocean
bottom with a minimum clearance of 10 - 14 inches. The hold down brackets will be the
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only structure attached to the bottom, with 1-1/4 inch diameter holes drilled about 12
inches into the bottom and secured with 1 inch diameter grouted bolts (all thread rod)
to firmly attach the hold down brackets to the ocean floor. A total of 360 hold down
brackets will be used over the 4,000 feet of suction pipeline and it is estimated that 45
days of work by a two-man dive team will be required to install all the brackets. Thus,
the impact to the marine benthic community will be minimal since the cumulative foot
print of the hold down brackets on the ocean bottom is very small. Moreover, the
navigation channel bottom area is a highly impacted zone, being originally constructed
by dredging and influenced by significant vessel traffic. Thus, the impacts to both the
benthic and reef fish community will be minimal.

The intake structure and suction pipeline system have been designed to withstand the
100-year design hurricane wave event. Consequently, it is expected that anchors
deployed from the typical types of vessels that navigate in the area, should they snag
onto the intake structure or pipeline, will not cause any damage to these systems.

Submerged Pump Station: The proposed location of the submerged pump station has
been selected after a diving and nearshore reconnaissance survey. In order to decrease
the installation costs and facilities maintenance operations, the selected site is close to
the primary electrical power lines (located at Ala Moana Park, near the corner of Ala
Moana Boulevard and Ala Moana Park Drive), with a consequent least cost for running
the 3-phase power lines to the pumps. In addition, the predominant soil conditions at
the proposed location are mainly coral and rubble which can be easily removed for
installation of the pump station, instead of solid rock formations found towards the exit
of the navigation channel, near the end of Magic Island. Moreover, access for cranes
and heavy equipment to maintain and service the pumps becomes more available as the
pump station is located closer to the main road.

The design of the subsurface pump station will minimize both the visual impacts to the
Magic Island area and considerably reduce and minimize the noise associated with
pump operations.

The submerged pump station has been designed to incorporate 3 identical pumps. One
pump would supply the nominal 20 cfs flow rate and, if necessary, a second pump could
be initiated which would provide a nominal 30 cfs of seawater inflow. The third pump
has been provided as a backup pump and would alsc be used when other pumps are
being maintained and serviced. This pump redundancy provides assurance that the
flushing system will provide continuous service. it is expected that a once-per-year
maintenance program will be required for each operating pump, and major overhaul is
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envisioned every 4 years of operation.

Discharge Pipsline: The 12,500 foot long discharge pipeline will convey water from the
submerged pump station to the discharge manifold at the Kapahulu end of the Canal.
The proposed route of the pipeline is on the mauka side of the Canal, located between
15 - 35 feet from the mauka bank, and will typically be partially buried or simply laid on
the bottom in order to minimize the risk of undermining the existing mauka wall, and to

reduce dredging costs.

The proposed discharge pipgline route will not interfere with the existing utility crossings
that are buried in the Canal (electric power conduits and sewer siphons). Moreover, the
flushing water pipefine will not be affected by future maintenance dredging of the Canal,
which in the past has been confined to the central area starting at about 40 feet from
either side walls. This dredging design was imiplemented to minimize the possibility of
undermining the mauka and makai bank walls.

Concrete weights, 1 ton wet weight, typically spaced about 16 feet apart, are attached
to the discharge pipeline to insure that the pipeline partially sinks into the bottom soil
and to provide stability along the natural bottom slopes. In the areas where the pipeline
is completely buried, the concrete anchor weights are spaced at 8 foot intervals. The
design also provides for the future moving of sections of the pipeline, where flanged
ends have been periodically incorporated. This allows pipe sections to be capped,
floated by filling with air, and moved to a new tocation and submerged again. The
concrete weights attached to the pipeline only represent about 20 - 25% of the total
buoyancy of the pipe when filled with air.

To minimize the visual impacts, the discharge pipeline will be constructed so that the
minimum depth from the water surface to the top of the pipeline is 3 feet, with a
minimum clearance of 2.5 feet between the top of the concrete weights and the water
surface. While the pipeline can probably be seen from the mauka bank, it would
generally be unseen from other locations, particularly from the makai wall.

When the discharge pipeline crosses the Manoa-Palolo and Makiki Stream outlets, the
pipeline will be buried such that the top of the pipeline is a minimum of -13 feet MLLW.
This allows for maintenance dredging of these areas to depths of -10 feet MLLW. In the
area between the Ala Moana Bridge and the submerged pump station, crossing the
navigation channel, the discharge pipeline will be buried about 3 ft below the bottom.

Dredging For The Discharge Pipeline: Significant dredging will be required to partially
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and fully bury the discharge pipeline. It is estimated that about 50,000 yd® of
sedimentary material would need to be removed. Based on this dredged spoil volume,
the most likely scenario for disposal would be ocean disposatl at the Environmental
Protection Agency (EPA) designated site located about 5 miles from the Ala Wai Boat
Harbor. The EPA disposal area is described by a circle, with a radius of 1,000 yds and
a center point located at 21°14'19" North Latitude and 157°54'20" West Longitude.

The envisioned dredging operations would involve hydraulic suction dredging, where a
rotating cutting head would dislodge the bottom sediments and create a water-sediment
slurry which would be drawn into the suction line thereby reducing water turbidity
impacts. Due to the low vertical clearances and small horizontal widths associated with
the various bridge structures that cross the Canal, it is not possible to use barges to
transport the dredged spoil from the dredging site to the ocean disposal site. Thus, as
performed during past maintenance dredging operations, a pump (8-10 inch) located on
a floating barge would discharge the slurry through a long pressure pipe (10 - 12 inches
diameter) into a hopper barge located at a temporary mooring in the Ala Wai Boat
Harbor adjacent to Magic Island. Due to the length of this floating discharge pipeline,
booster pumps may be required.

The siurry would be pumped directly into the hopper barge and silt curtains would be
installed around the barge to mitigate and control any excessive spillage of slurry water
into the Harbor. The dredged spoil loaded barges would be towed by tugboats to the
designated EPA disposal site for disposal.

Based on past maintenance dredging projects, it is expected that large-size objects (car
bodies, sofas, beds, refrigerators, trees, etc.) which are not able to pass through the
slurry handling system would need to be removed by other means such as cranes.
These large objects would need to be temporarily placed in the contractor's work area,
de-watered if necessary, and transported to a landfill for disposal. There is the potentiai
that odor problems would occur due to this temporary storage and de-watering of large
objects, as well as visual impacts. The envisioned contractor's work area would be
between Ala Wai Elementary School and the Ala Wai Canal and the Manoa-Palolo
Stream. The contractor's work area will be fenced off during the construction period for
security and safety reasons. Noise levels during the dredging operations will meet
Department of Health noise regulations. The estimated dredging period is about 5 - 6
months.

Discharge Manifold: The discharge manifold located at the Kapahulu end of the Canal
will evenly distribute seawater across the Canal width. The manifold has been designed
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as a simple L shape consisting of a 28 inch HDPE pipe sitting on or near the bottom.
Concrete weights have been distributed along the discharge manifold to keep it in place. )

A total of 32 5.5-inch diameter holes, located 60° from the horizontal plane passing —
through the pipe centeriine, are equally spaced along the manifold to evenly distribute .

flow and to reduce the flow velocity. The discharge manifold is made out of two, 40 foot "
long sections of pipe flanged together to facilitate maintenance operations. The pipe and
concrete weights will be placed in a water depth of 6 feet to provide minimum ciearance
between the pipe and water surface of 3 feet, and 2.5 feet clearance between the top _
of the concrete weights and the surface. These clearances will minimize interference .
with existing boat traffic, canoe racing, and kayaking activities.




REFERENCES




N |

-

B |

)

N

1

< B

I

i 1=

-

REFERENCES

American Public Health Association (1986), "Standard Methods for the
Examination of Water and Wastewater," Washington, D.C., 1193 pp.

Brown, S., L. Chedzey and D.P. Lewis {1980), “Yunderup Canals Flushing Study,"
Final Report WP 453 SB, Centre For Water Ressearch, University of Western
Australia, Nedlands, Western Australia, June.

D'Elia, C. F., P.A. Steudler and N. Crowin (1977), “Determination of Total Nitrogen
in Aqueous Samples using Persulfate Digesticn,” Limnol. Oceanogr. 22

760-764. *

Edward K. Noda and Associates, Inc. (1991), "Kakaako Makai Waterfront Project,
inland Waterways Numerical Modeling," Report Prepared for the Hawaii
Community Development Authority, August.

Ferrall, C. C. Jr. (1976), “Subsurface Geology of Waikiki, Moilili and Kakaako with
Engineering Application," M.S. Thesis, University of Hawali, Department of

Geology and Geophysics, 168 pp.

Gonzalez, F. Jr. (1971), "Descriptive Study of the Physical Oceanography of the
Ala Wai Canal," Hawaii Institute of Geophysics, University of Hawaii, Report

HIG-71-7.

Grasshoff, K., M. Ehrhardt and K. Kremling, eds. (1983), "Methods of Seawater
Analysis," Verlag Chemie, Weinheim, 419 pp.

Harris, C. (1972), "Primary Production in a Small Tropical Estuary,” M.S. Thesis,
University of Hawaii, 113 pp.

Laws, E. A., D. Daliente, J. Hiayama, M. L. Hokama, K. Kim, D. Li, S. Minami, and
C. Morales (1991), "Hypereutrophication of the Ala Wai Canal: Prospects
For Cleanup,” Unpublished Manuscript, University of Hawaii, 23 pp + 8

Figures.




10.

11,

12.

13.

14,

15.

16.

17.

18.

19.

Miller, G. R. and W. Chave (1978), "Proposed Modification of the Ala Wai Canal,”
Section A of a Report by Doak C. Cox, Jacquelin N. Miller, John Walters
and Pow Foong Fan, Submitted to The Office of Environmental Quality
Control, State of Hawail, December 31.

Murphy, J. and J. P. Riley (1962), "A Modified Simple Solution Method for the
Determination of Phosphate in Natural Waters,” Anal. Chim. Acta 27: 31-38.

Schwartz, R.A. and J. Imberger (1988), “Flushing Behavior of a Coastal Marina,"
21st international Coastal Engineering Conference, Spain.

Solorzano, L. (1969), *Determination of Ammonia in Natural Waters by the
Phenolhypochlorite Method,” Limnol. Oceanogr. 14; 799-801.

Storm Drainage Standards," City and County of Honolulu, Department of Public
Works.

Strickland, J. D. F. and T. R. Parsons (1972), "A Practical Handbook of Seawater
Analysis,” Bull. Fish. Res. Bd. Canada 167, 311 pp.

Sunn, Low, Tom & Hara, Inc. (1977), “Preliminary Engineering Report for Dredging
Ala Wai Canal, Island of Oahu, Job No. 8-0f-8," Prepared for the State of
Hawaii, Department of Land and Natural Resources, May.

Technicon Inc. (1977), “Nitrate and Nitrite in Water and Seawater," Technicon, Inc.
Industrial Methods No. 158, f/w/a.

U.S. Army Corps of Engineers (1886), "CE-QUAL-W2: A Numerical Two-
Dimensional, Laterally Averaged Model of Hydrodynamics and Water
Quality; User's Manual,” U.S. Army Engineer Waterways Experiment
Station, Environmental and Hydraulics Laboratories, Vicksburg, Mississippi,

August.

wilkins, G., J. Muller, A. Lowe and L. Findley (1992), “Directional Drilling
Through Lava at Keahole Point, Hawaii: Accomplishments and Projections,”
Pacific Congress on Marine Science and Technology, Kaiiua-Kona, Hawaii,

June 1-5.




Y

R B §

~ B B

 PARTICIPANTS AND

__ ACKNOWLEDGEMENTS




- ¥

< B

i

| (i

PARTICIPANTS

The following organizations have participated in the development of this Ala Wai Canal
Improvement Project Feasibility Report: Edward K. Noda and Associates, Inc.,
bathymetry survey, current measurements, tide measurements, dye survey,
hydrodynamic and water quality modeling; Ol Consultants, Inc. (a subsidiary of The
Oceanic institute) marine biclogical and water quality surveys and evaluations; Makai
Ocean Engineering, inc., conceptual design of ocean seawater flushing systems; and
Tom Nance Water Resources Engineering, conceptual design of deep groundwater well
supply flushing systems.

ACKNOWLEDGEMENTS |

The participants would like to express appreciation to the following individuals for their
assistance during this project: Mr. Edward Lau and Andrew Monden, Department of
Land and Natural Resources, State of Hawaii; the Ala Wai Canal Cleanup Technical
Review Committee, Chairperson Jacquelin Miller and members Representative Duke
Bainum, Eugene Dashiell, Maynard Hufschmidt, Hans Krock, George Wilkins, Scotty
Bowman, Bruce Anderson, Benjamin Lee, and Terry O’Halloran; Air Survey Hawaii, Inc.

for the cover photo.




